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(57) ABSTRACT

A charge-transporting layer, which is a surface layer of an
electrophotographic photosensitive member, has a matrix-
domain structure having a matrix containing constituent 3 (a
polycarbonate resin having a predetermined repeating struc-
tural unit) and a charge-transporting substance, and a domain
containing constituent o (a polycarbonate resin having a
repeating structural unit having a predetermined siloxane
moiety).
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1
ELECTROPHOTOGRAPHIC
PHOTOSENSITIVE MEMBER, PROCESS
CARTRIDGE, ELECTROPHOTOGRAPHIC
APPARATUS AND METHOD OF
MANUFACTURING THE
ELECTROPHOTOGRAPHIC
PHOTOSENSITIVE MEMBER

TECHNICAL FIELD

The present invention relates to an electrophotographic
photosensitive member, a process cartridge, an electrophoto-
graphic apparatus and a method of manufacturing the elec-
trophotographic photosensitive member.

BACKGROUND ART

As an electrophotographic photosensitive member, which
is to be loaded in an electrophotographic apparatus, an
organic electrophotographic photosensitive member (herein-
after referred to as an “electrophotographic photosensitive
member”) containing an organic photoconductive substance
(charge-generating substance) is known. In an electrophoto-
graphic process, various members such as a developer, a
charging member, a cleaning blade, a paper sheet and a trans-
fer member (hereinafter also referred to as “contact mem-
bers”) come into contact with the surface of the electropho-
tographic  photosensitive  member. Thus, in an
electrophotographic photosensitive member, the occurrence
of image degradation caused by contact stress with these
contact members and the like is required to be reduced. Par-
ticularly, with recent improvement in the durability of an
electrophotographic photosensitive member, the effect of
reducing image degradation caused by contact stress in an
electrophotographic photosensitive member has been
required to persist.

In connection with persistent contact-stress reduction
(mitigation), PTL 1 proposes a method of forming a matrix-
domain structure in a surface layer by using a siloxane resin
having a siloxane structure integrated in a molecular chain.
The method indicates that a polyester resin having a specific
siloxane structure integrated therein is used to attain not only
persistent contact-stress reduction but also potential stability
(suppression of variation) during repeated use of an electro-
photographic photosensitive member.

Meantime, there is a proposal in which a siloxane-modified
resin having a siloxane structure in a molecular chain is added
to the surface layer of an electrophotographic photosensitive
member. PTL 2 and PTL 3 propose an electrophotographic
photosensitive member containing a polycarbonate resin hav-
ing a specific siloxane structure integrated therein. These
literatures report effects such as improvements in solvent
cracking resistance due to mold release characteristics and
lubricity of the surface of a photosensitive member at an early
stage of use.

CITATION LIST
Patent Literature

PTL 1: International Application No. WO2010/008095

PTL 2: Japanese Patent Application Laid-Open No. HO6-
075415

PTL 3: Japanese Patent Application Laid-Open No. 2007-
199688
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2
SUMMARY OF INVENTION

Technical Problem

The electrophotographic photosensitive member disclosed
in PTL 1 has not only persistent contact-stress reduction but
also potential stability during repeated use. However, as the
result of the studies the present inventors further conducted,
they found that further improvement is required. More spe-
cifically, based on the finding of PTL 1, they used a polycar-
bonate resin having a specific siloxane structure integrated
therein in an attempt to obtain the same effect; however, it was
difficult to form an efficient matrix-domain structure in a
surface layer when the polycarbonate resin is used. In addi-
tion, persistent contact-stress reduction and potential stability
during repeated use of an electrophotographic photosensitive
member both need to be improved.

PTL 2 discloses an electrophotographic photosensitive
member, which has the surface layer formed of a mixture of a
polycarbonate resin having a specific siloxane structure inte-
grated in the main chain thereof and a copolymerized poly-
carbonate resin having a specific structure without a siloxane
structure. PTL 2 also discloses that the electrophotographic
photosensitive member is improved in crack resistance to a
solvent and adhesion resistance to toner. However, the elec-
trophotographic photosensitive member described in PTL 2
is insufficient in persistent contact stress-reducing effect.

Also, PTL 3 discloses an electrophotographic photosensi-
tive member, which has a surface layer formed of a mixture of
a polycarbonate resin having a specific siloxane structure
integrated in the main chain and at a terminal end and a
polycarbonate resin having no siloxane structure. The PTL 3
also discloses that lubricity during initial use is improved.
However, the electrophotographic photosensitive member
according to PTL 3 is insufficient in persistent contact stress-
reducing effect. The reason why the persistent contact stress-
reducing effect is low is presumably because the resin accord-
ing to PTL 3 having a siloxane structure integrated therein has
a high surface mobility.

An object of the present invention is to provide an electro-
photographic photosensitive member excellent in ensuring
not only persistent reduction of contact stress with contact
members and the like but also potential stability during
repeated use. Another object of the present invention is to
provide a process cartridge and an electrophotographic appa-
ratus having the electrophotographic photosensitive member.
A further object of the present invention is to provide a
method of manufacturing the electrophotographic photosen-
sitive member.

Solution to Problem

The aforementioned objects can be attained by the follow-
ing inventions.

The present invention relates to an electrophotographic
photosensitive member, comprising: a support, a charge-gen-
erating layer which is provided on the support and comprises
a charge-generating substance, and a charge-transporting
layer which is provided on the charge-generating layer and
serves is a surface layer of the electrophotographic photosen-
sitive member, wherein the charge-transporting layer has a
matrix-domain structure having: a domain which comprises
the constituent o, and a matrix which comprises the constitu-
ent ( and a charge-transporting substance; wherein the con-
stituent o is a polycarbonate resin A having a repeating struc-
tural unit represented by the following formula (A), a
repeating structural unit represented by the following formula
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(B) and a repeating structural unit represented by the follow-
ing formula (C); the content of a siloxane moiety in the
polycarbonate resin A is not less than 5% by mass and not
more than 40% by mass relative to the total mass of the
polycarbonate resin A; the content of the repeating structural
unit represented by the following formula (B) is not less than
10% by mass and not more than 30% by mass relative to the
total mass of the polycarbonate resin A; and the content of the
repeating structural unit represented by the formula (C) is not
less than 25% by mass and less than 85% by mass relative to
the total mass of the polycarbonate resin A.

A)

0
[
c—o0 0

?H3 CH;

(CH,)3 Ti—O Si— (CHy);
CH; CH;
n

Inthe formula (A), “n” represents the number of repetitions
of a structure within the bracket; an average of “n” in the
polycarbonate resin A ranges from 20 to 60.

(B)
R! R?
0
I
c—o0 Y 0

In the formula (B), Y represents an oxygen atom or a sulfur
atom; and R! and R? each independently represents a hydro-
gen atom or a methyl group.

©
0

O

The constituent §§ is a polycarbonate resin D having a
repeating structural unit represented by the following formula

D).
)
HsC CH;
0 CH;
c—oO0 T O

CH;

Furthermore, the present invention relates to a process
cartridge detachably attached to a main body of an electro-
photographic apparatus, wherein the process cartridge inte-
grally supports:
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4

the electrophotographic photosensitive member and, at
least one device selected from the group consisting of a charg-
ing device, a developing device, a transferring device and a
cleaning device.

Furthermore, the present invention relates to an electro-
photographic apparatus comprising: the electrophotographic
photosensitive member, a charging device, an exposing
device, a developing device and a transferring device.

Furthermore, the present invention relates to a method of
manufacturing the electrophotographic photosensitive mem-
ber, wherein the method comprises a step of forming the
charge-transporting layer by applying a charge-transporting-
layer coating solution on the charge-generating layer, and

wherein the charge-transporting-layer coating solution
comprises the constituents o and § and the charge-transport-
ing substance.

Advantageous Effects of Invention

According to the present invention, an electrophotographic
photosensitive member excellent in ensuring not only persis-
tent reduction (mitigation) of contact-stress with contact
members but also potential stability during repeated use can
be provided. Furthermore, according to the present invention,
a process cartridge and an electrophotographic apparatus
having the aforementioned electrophotographic photosensi-
tive member can be provided. Moreover, according to the
present invention, a method of manufacturing the electropho-
tographic photosensitive member can be provided.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWING

The FIGURE is a view illustrating a schematic structure of
an electrophotographic apparatus provided with a process
cartridge having an electrophotographic photosensitive
member of the present invention.

DESCRIPTION OF EMBODIMENTS

The electrophotographic photosensitive member of the
present invention has a support, a charge-generating layer
provided on the support and a charge-transporting layer pro-
vided on the charge-generating layer, and serving as a surface
layer thereof, as described above. In the electrophotographic
photosensitive member, the charge-transporting layer has a
matrix-domain structure having a matrix containing a con-
stituent (component) [ and a charge-transporting substance
and a domain containing a constituent (component) c.

The matrix-domain structure of the present invention is
likened to a “sea-island structure”. More specifically, the
matrix corresponds to the sea, whereas the domain(s) corre-
sponds to an island(s). The domain containing the constituent
a represents a granular (island) structure formed in the matrix
containing the constituent § and the charge-transporting sub-
stance. The domain(s) containing the constituent o are inde-
pendently (discretely) present in the matrix. Such a matrix-
domain structure can be confirmed by observation of a
surface or a section of the charge-transporting layer.

The state of a matrix-domain structure can be observed or
the size of a domain can be measured, for example, by a
commercially available laser microscope, optical micro-
scope, electron microscope or atomic force microscope.
Using a microscope as mentioned above, the state of a matrix-
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domain structure can be observed or the size of a domain can
be measured at a predetermined magnification.

Inthe present invention, the number average particle size of
the domain containing the constituent c is desirably not less
than 50 nm and not more than 1000 nm. Furthermore, the
narrower the grain-size distribution of the domain, the more
desirable in view of persistence of the contact stress-reducing
effect. In the present invention, the number average particle
size is computationally obtained as follows. Of the domains
observed in a vertical cross-section of the charge-transporting
layer of the present invention under microscopic observation,
100 domains are arbitrarily selected. The maximum diam-
eters of the domains thus selected were measured and aver-
aged to obtain the number average particle size of the
domains. Note that image information in a depth direction can
be obtained under microscopic observation of the section of
the charge-transporting layer. In this way, a three dimensional
image of the charge-transporting layer can be also obtained.

In the electrophotographic photosensitive member of the
present invention, the matrix-domain structure of the charge-
transporting layer can be formed by use of a charge-transport-
ing layer coating liquid containing the constituents o and f§
and a charge-transporting substance. More specifically, the
charge-transporting layer coating liquid is applied onto the
charge-generating layer and dried to manufacture the electro-
photographic photosensitive member of the present inven-
tion.

The matrix-domain structure of the present invention is a
structure in which a domain containing the constituent o is
formed in the matrix containing the constituent f§ and a
charge-transporting substance. The domain containing the
constituent o is formed not only in the surface of the charge-
transporting layer but also in the interior portion of the
charge-transporting layer. Itis conceivable that because of the
structure, a contact stress-reducing effect is persistently
exhibited. To describe more specifically, a siloxane resin
component having the contact stress-reducing effect, even if
the component is reduced by rubbing and abrasion of a mem-
ber such as a paper-sheet and a cleaning blade, can be pre-
sumably supplied from domains in the charge-transporting
layer.

The present inventors consider the reason why the electro-
photographic photosensitive member of the present invention
is excellent in ensuring not only persistent contact-stress
reduction and potential stability during repeated use, as fol-
lows.

In the electrophotographic photosensitive member having
a charge-transporting layer having the matrix-domain struc-
ture of the present invention, in order to suppress potential
variation during repeated use, it is important to reduce the
content of a charge-transporting substance in the domain of
the formed matrix-domain structure as much as possible.

Furthermore, it is conceivable that a domain is likely to be
formed in the matrix by adding repeating structural unit rep-
resented by the formula (B) and repeating structural unit
represented by the formula (C) in predetermined amounts to
the structure of the polycarbonate resin A. This is because the
polycarbonate resin A has a repeating structural unit repre-
sented by the formula (B) therein. To describe more specifi-
cally, a central skeleton of the formula (B), i.e., an ether
structure or a thioether structure, is easily folded. Because of
this, the polycarbonate resin A can be relatively freely
arranged in a space. For these reasons, the polycarbonate
resin A easily forms a domain. In the polycarbonate resin A,
the content of the repeating structural unit represented by the
formula (B) is not less than 10% by mass and not more than
30% by mass relative to the total mass of the polycarbonate
resin A; whereas the content of the repeating structural unit
represented by the formula (C) is not less than 25% by mass
and less than 85% by mass. If the content of the repeating
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structural unit represented by the formula (B) is less than 10%
by mass, the polycarbonate resin A is likely to spatially
spread, facilitating separation of a charge-transporting layer
coating liquid. Consequently, separation from a polycarbon-
ate resin D is extremely facilitated. As a result, the domain of
the matrix-domain structure of the present invention fails to
be formed. Light permeation through the charge-transporting
layer decreases; a charge-transporting substance aggregates
and precipitates on the surface of the charge-transporting
layer. As a result, potential stability during repeated use
decreases. If the content of the repeating structural unit rep-
resented by the formula (B) exceeds 30% by mass, formation
of a domain becomes unstable and the sizes of the domains
are likely to be nonuniform. As a result, potential stability
during repeated use decreases. This is conceivably because
the amount of charge-transporting substance taken in the
domain increases.

(Re: Constituent at)

In the present invention, constituent c is a polycarbonate
resin A having a repeating structural unit represented by the
following formula (A), a repeating structural unit represented
by the following formula (B) and a repeating structural unit
represented by the following formula (C). In the polycarbon-
ate resin A, the content of a siloxane moiety is not less than
5% by mass and not more than 40% by mass relative to the
total mass of the polycarbonate resin A, the content of the
repeating structural unit represented by the following formula
(B) is not less than 10% by mass and not more than 30% by
mass, and the content of the repeating structural unit repre-
sented by the following formula (C) is not less than 25% by
mass and less than 85% by mass.

)

0
Il
Cc—0 0
?H3 CH;
(CHy)3 ?1—0 ?i— (CHy)s
CH; CH;
n

Inthe formula (A), “n” represents the number of repetitions
of the structure enclosed in parentheses; and the average of
“n” in the polycarbonate resin A ranges from 20 to 60.

(B)
R! R?
0
I
C—o0 Y 0

Inthe formula (B), Y represents an oxygen atom or a sulfur
atom; and R' and R* each independently represent a hydrogen
atom or a methyl group.

O

O
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In the formula (A), n represents the number of repetitions
of'the structure enclosed in parentheses; and the average of n
in the polycarbonate resin A ranges from 20 to 60, and further
desirably from 30 to 50 in view of ensuring not only persistent
stress reduction but also suppression of potential variation
during repeated use. Furthermore, the number n of repetitions
of the structure enclosed in parentheses is desirably in the
range of the average value of the number n of repetitions
+10%, since the effect of the present invention can be stably
obtained.

Table 1 shows examples of repeating structural unit repre-
sented by the formula (A) above.

TABLE 1

Repeating structural unit Average value

represented by formula (A) ofn
Repeating structural unit example (A-1) 20
Repeating structural unit example (A-2) 30
Repeating structural unit example (A-3) 40
Repeating structural unit example (A-4) 50
Repeating structural unit example (A-5) 60

Of these, the repeating structural unit example (A-3) is
desirable.

Furthermore, the polycarbonate resin A may have a silox-
ane structure represented by the following formula (E) as a
terminal structure.

(E)
0
CH; TH3
CH, Ti—O Ti—CHg
3
CH; CH;

In the formula (E), m represents the number of repetitions
of'the structure enclosed in parentheses and the average value
of' m in the polycarbonate resin A is from 20 to 60 and further
from 30 to 50; and it is more desirable that the average value
of number n of repetitions of the structure enclosed in paren-
theses in the formula (A) is equal to the average value of the
number m of repetitions of the structure enclosed in paren-
theses in the formula (E), in view of ensuring not only per-
sistent stress reduction but also potential stability during
repeated use. Further, the number m of repetitions of the
structure enclosed in parentheses is desirably in the range of
+10% of the average value of number m of repetitions, since
the effect of the present invention can be stably obtained.

Table 2 shows examples of the polycarbonate resin A hav-
ing the repeating structural unit represented by the formula
(A) as a siloxane structure and the repeating structural unit
represented by the formula (E) as a terminal structure.

TABLE 2
Repeating structural units Average Average
represented by formulas (A) and (E) value of n value of m
Repeating structural unit 20 20
example (A-6)
Repeating structural unit 30 30
example (A-7)
Repeating structural unit 40 40
example (A-8)
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TABLE 2-continued
Repeating structural units Average Average
represented by formulas (A) and (E) value of n value of m
Repeating structural unit 50 50
example (A-9)
Repeating structural unit 60 60
example (A-10)
Repeating structural unit 20 40
example (A-11)
Repeating structural unit 40 20

example (A-12)

Specific examples of the repeating structural unit repre-
sented by the formula (B) are shown below.

B-1

I
__C_OOOOO__
) T B
I
——c—o—< >—s—< >—o——
) G
HC CH,
. _
I
—-C—o0 0 o4+
) G
HsC CH;
. _
I
—-C—o0 5 o4+

Of these, the repeating structural unit represented by the
formula (B-1) is desirable.

Furthermore, the polycarbonate resin A contains the
repeating structural unit represented by the formula (B) in an
amount of not less than 10% by mass and not more than 30%
by mass relative to the total mass of the polycarbonate resin A.
If the content of the repeating structural unit represented by
the formula (B) is not less than 10% by mass, the domain is
efficiently formed in the matrix containing the constituent §
and a charge-transporting substance. Furthermore, if the con-
tent of the repeating structural unit represented by the formula
(B) is not more than 30% by mass, a charge-transporting
substance is suppressed from aggregating in the domain con-
taining the constituent o, with the result that potential stabil-
ity during repeated use can be sufficiently obtained.

Next, the repeating structural unit represented by the for-
mula (C) will be described. The polycarbonate resin A con-
tains the repeating structural unit represented by the formula
(C) in an amount of not less than 25% by mass and less than
85% by mass relative to the total mass of the polycarbonate
resin A. If the content of the repeating structural unit repre-
sented by the formula (C) is not less than 25% by mass, a
domain is efficiently formed in the matrix containing the
constituent [ and a charge-transporting substance. Further-
more, if the content of the repeating structural unit repre-
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sented by the formula (C) is less than 85% by mass, a charge-
transporting substance is suppressed from aggregating in the
domain containing the constituent o, with the result that
potential stability during repeated use can be sufficiently
obtained.

Furthermore, the polycarbonate resin A contains a siloxane
moiety in an amount of not less than 5% by mass and not more
than 40% by mass relative to the total mass of the polycar-
bonate resin A. If the content of siloxane moiety is less than
5% by mass, a persistent contact stress-reducing effect cannot
be sufficiently obtained and a domain cannot be efficiently
formed in the matrix containing the constituent f§ and a
charge-transporting substance. Furthermore, if the content of
the siloxane moiety is more than 40% by mass, a charge-
transporting substance forms aggregates in the domain con-
taining the constituent o, with the result that potential stabil-
ity during repeated use cannot be sufficiently obtained.

In the present invention, the siloxane moiety refers to a site
containing silicon atoms positioned at both ends of the silox-
ane moiety, groups binding to the silicon atoms, an oxygen
atom sandwiched by the silicon atoms, silicon atoms and
groups binding to the silicon atoms. To describe more spe-
cifically, for example, in the case of the repeating structural
unit represented by the following formula (A-S), the siloxane
moiety of the present invention refers to the moiety sur-
rounded by a broken line below. Furthermore, the polycar-
bonate resin A may have a siloxane structure as a terminal
structure. In this case, similarly, the siloxane moiety refers to
the moiety surrounded by a broken line below as shown in the
case of repeating structural unit represented by the following
formula (E-S). In this case, the content of the siloxane moiety
in the polycarbonate resin A is a sum of the moiety sur-
rounded by the broken line in the following formula (A-S)
and the moiety surrounded by the broken line in the following
formula (E-S) and the sum is not less than 5% by mass and not
more than 40% by mass relative to the total mass of the
polycarbonate resin A.

(A-S)

(E-S)

CH;

More specifically, the structures shown below are the silox-
ane moiety of the formula (A-S) and the formula (E-S) men-
tioned above.

i /CH; TH3 i
i si—o Ti—i
P\ CH cry |

Siloxane moiety of the formula (A-S)

30

35

40

45

50

60

65

10

-continued

Siloxane moiety of the formula (E-S)

In the present invention, the content of a siloxane moiety
relative to the total mass of the polycarbonate resin A can be
obtained by a general analytic approach. Examples of the
analytic approach are shown below.

First, the charge-transporting layer, which is a surface layer
of an electrophotographic photosensitive member, is dis-
solved with a solvent. Thereafter, the solution is subjected to
a fractionation apparatus capable of separating and recover-
ing components, such as size exclusion chromatography and
high performance liquid chromatography, to separate and
recover various components contained in the surface layer,
i.e., the charge-transporting layer. The polycarbonate resin A
separated and recovered is hydrolyzed in the presence of
alkali into a carboxylic acid moiety and a bisphenol and
phenol site. The bisphenol and phenol moieties obtained are
subjected to nuclear magnetic resonance spectrum analysis
and mass spectrometry. In this manner, the number of repeti-
tions of the siloxane moiety and the molar ratio thereof are
computationally obtained and further converted into a content
(mass ratio).

The polycarbonate resin A used in the present invention is
acopolymer having a repeating structural unit represented by
the formula (A), a repeating structural unit represented by the
formula (B) and a repeating structural unit represented by the
formula (C). The copolymer may take any configuration such
as a block copolymer configuration, a random copolymer
configuration and an alternate copolymer configuration.

The weight average molecular weight of the polycarbonate
resin A used in the present invention is desirably not less than
30,000 and not more than 150,000 in view of forming a
domain in the matrix containing the constituent f§ and a
charge-transporting substance, and more desirably not less
than 40,000 and not more than 100,000.

In the present invention, the weight average molecular
weight of a resin is a polystyrene equivalent weight average
molecular weight, which was measured in accordance with a
customary method described in Japanese Patent Application
Laid-Open No. 2007-079555.

In the present invention, the copolymerization ratio of the
polycarbonate resin A can be checked in accordance with a
conversion method using a peak position and peak area ratio
of'a hydrogen atom (constituting a resin) obtained by a gen-
eral method, 'H-NMR measurement, of a resin.

The polycarbonate resin A used in the present invention
can be synthesized, for example, by a phosgene method con-
ventionally used or by a transesterification method.

The charge-transporting layer, which is a surface layer of
the electrophotographic photosensitive member of the
present invention, may contain a resin having a siloxane
structure other than the polycarbonate resin A. Specific
examples thereof include a polycarbonate resin having a
siloxane structure, a polyester resin having a siloxane struc-
ture and an acryl resin having a siloxane structure. When
another resin having a siloxane structure is used, the content
of the constituent o in the charge-transporting layer is desir-
ably not less than 90% by mass and less than 100% by mass
relative to the total mass of the resins having a siloxane
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moiety in the charge-transporting layer in view of persistence
of a contact stress-reducing effect and a potential stability
effect during repeated use.

In the present invention, the content of a siloxane moiety of
the polycarbonate resin A is desirably not less than 1% by
mass and not more than 20% by mass relative to the total mass
of all resins in the charge-transporting layer. If the content of
a siloxane moiety is not less than 1% by mass and not more
than 20% by mass, a matrix-domain structure is stably formed
and not only persistent contact-stress reduction but also
potential stability during repeated use can be ensured at high
level. Furthermore, the content of a siloxane moiety of the
polycarbonate resin A is more desirably not less than 2% by
mass and not more than 10% by mass. This is because per-
sistent contact-stress reduction and potential stability during
repeated use can be further improved.

(Re: Constituent {3)

The constituent §§ is a polycarbonate resin D having the
repeating structural unit represented by the following formula

10
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The polycarbonate resin of the present invention contained
in the constituent § and having the repeating structural unit
represented by the formula (D) will be described. The poly-
carbonate resin having the repeating structural unit repre-
sented by the formula (D) is rarely incorporated into a domain
if the polycarbonate resin is used in combination with poly-
carbonate resin A and forms a uniform matrix with a charge-
transporting substance. Because of this, the effects of persis-
tent contact-stress reduction and potential stability during
repeated use can be sufficiently obtained. The constituent 3
desirably has no siloxane moiety in view of forming a uni-
form matrix with a charge-transporting substance. Further-
more, the constituent [} desirably has no repeating structural
units having an ether structure and a thioether structure. Fur-
thermore, the constituent § may contain another repeating
structural unit besides the repeating structural unit repre-
sented by the formula (D) as a structure to be copolymerized
with the formula (D). The content of the repeating structural
unit represented by the formula (D) in the constituent 3 is
desirably not less than 50% by mass, in view of forming a
uniform matrix with a charge-transporting substance. Fur-
thermore, the content of the repeating structural unit repre-
sented by the formula (D) is desirably not less than 70% by
mass. Specific examples of other repeating structural units
will be described below.
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Of these, the repeating structural unit represented by the
formula (2-1), (2-3) or (2-4) is desirable.

(Re: Charge-Transporting Substance)

As a charge-transporting substance, a triarylamine com-
pound, a hydrazone compound, a styryl compound and a
stilbene compound are mentioned. These charge-transporting
substances may be used alone or as a mixture of two or more.
In the present invention, a compound having a structure rep-
resented by the following formula (1a), (1a"), (1b) or (1b") is
used.

(1a)

R!
\N
i e
R2
(a)
/N
1
Ar \ AP

Rr2

In the formula (1a) and the formula (1a"), Ar' represents a
phenyl group or a phenyl group having a methyl group or an
ethyl group as a substituent; Ar? represents a phenyl group or
a phenyl group having a methyl group as a substituent, a
phenyl group having a monovalent group represented by
—CH—CH—Ta (where Ta represents a monovalent group
derived from a benzene ring of triphenylamine by removing a
single hydrogen atom or a monovalent group derived from a
benzene ring of triphenylamine having a methyl group or an
ethyl group as a substituent by removing a single hydrogen
atom) as a substituent or a biphenylyl group; R' represents a
phenyl group, a phenyl group having a methyl group as a
substituent or a phenyl group having a monovalent group
represented by —CH—C(Ar’)Ar* (where Ar® and Ar* each
independently represent a phenyl group or a phenyl group
having a methyl group as a substituent); and R represents a
hydrogen atom, a phenyl group or a phenyl group having a
methyl group as a substituent.
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(1b)
A2

/
ol

In the formula (1b), Ar*' and Ar** each independently Specific examples of the charge-transporting substance
represent a phenyl group or a tolyl group. In the formula (1b"), used in the present invention will be described below. Note

23 6 : that the following formulas (1-1) to (1-10) are specific
Ar**and Ar*® each independently representa phenyl group or examples of the compound having the structure represented

a pzlienylzgéroup ?aving a I;lethyl group as a substituent; and 25 by the formula (1a) or (1a"). The following formulas (1-15) to
Ar**, Ar*>, Ar’” and Ar*® each independently represent a (1-18) are specific examples of a compound having the struc-

(16"

phenyl group or a tolyl group. ture represented by the formula (1b) or (1b").
1-1 1-2)
HsC H;C

H;C H;C

1-3)

(1-4)
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18

-continued

(1-13)

A
A

&8
o)

A

(1-14)

dN

1-17)

Of these, the charge-transporting substance is desirably a
compound having a structure represented by the formula
(1-D, (1-3), (1-5), (1-7), (1-11), (1-13), (1-14), (1-15) or
(1-17) above.

The charge-transporting layer, which is the surface layer of 4

the electrophotographic photosensitive member of the
present invention, contains a polycarbonate resin A and a
polycarbonate resin D as a resin; however, another resin may
be blended. Examples of the resin that may be additionally
blended include an acryl resin, a polyester resin and a poly-
carbonate resin. Of these, in view of improving electropho-
tographic properties, a polyester resin is desirable. When

ch CH3
(1-15)
(1-16)
Vs
(1-18)

HC CH;
HC CH;

ST T

Hs Hs

another resin is blended, the ratio of the polycarbonate resin D
to the resin to be blended, that is, the content of the polycar-
bonate resin D, is desirably in the range of not less than 90%
by mass and less than 100% by mass. In the present invention,
when another resin is blended in place of the polycarbonate
resin D, in view of forming uniform matrix with a charge-
transporting substance, the another resin to be blended desir-
ably contains no siloxane structure.

Specific examples of the polyester resin that may be
blended desirably include resins having repeating structural
units represented by the following formulas (3-1), (3-2) and
(3-3).
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o HC CH;
o) II CH;3
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Next, a synthesis example of the polycarbonate resin A,
which is the constituent o used in the present invention will be
described. The polycarbonate resin A can be synthesized by
use of the synthesis method described in PTL 3. Also in the
present invention, the same synthesis method was employed
to synthesize polycarbonate resins A shown in synthesis
examples of Table 3 using raw materials corresponding to the
repeating structural unit represented by the formula (A), the
structure unit represented by the formula (B) and the structure
unit represented by the formula (C). The weight average
molecular weights of the polycarbonate resins A synthesized
and the contents of siloxane moietys of polycarbonate resins
A are shown in Table 3.

Note that in Table 3, polycarbonate resins A (1) to A (31)
each are a polycarbonate resin A having the repeating struc-

20
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tural unit represented by the formula (A) alone as a siloxane
moiety. Polycarbonate resins A (32) to A (40) each are a
polycarbonate resin A having not only the repeating structural
unit represented by the formula (A) but also the repeating
structural unit represented by the formula (E) as a siloxane
moiety. The content of a siloxane moiety in Table 3, as

25 described above, is the sum of siloxane moietys contained in

the repeating structural unit represented by the formula (A)
and repeating the structural unit represented by the formula
(E) in the polycarbonate resin A. Polycarbonate resins A (32)
to A (40) were synthesized so that the ratio of a raw material

30 for the repeating structural unit represented by the formula

(A) to a raw material for repeating structural unit represented
by the formula (E) was 1:1 (by mass).

TABLE 3

Repeating Repeating Repeating Content of Content of Content of

structural structural structural siloxane the formula the formula Weight

unit unit unit moiety in (B) in (C) in average
Component [a] represented represented  represented polycarbonate  polycarbonate  polycarbonate molecular
(Polycarbonate by by the by the resin A resin resin weight
resin A) formula (A) formula (B) formula (C) (% by mass) (% by mass) (% by mass) (Mw)
Polycarbonate  (A-3) (B-1) ©) 40 16 40 80000
resin A (1)
Polycarbonate  (A-3) (B-1) ©) 30 16 51 60000
resin A (2)
Polycarbonate  (A-3) (B-1) ©) 18 16 64 75000
resin A (3)
Polycarbonate  (A-3) (B-1) ©) 10 16 73 50000
resin A (4)
Polycarbonate  (A-3) (B-1) ©) 5 16 79 70000
resin A (5)
Polycarbonate  (A-3) (B-1) ©) 5 10 84 73000
resin A (6)
Polycarbonate  (A-3) (B-1) ©) 40 30 26 65000
resin A (7)
Polycarbonate  (A-3) (B-1) ©) 5 30 65 80000
resin A (8)
Polycarbonate  (A-3) (B-1) ©) 40 10 46 85000
resin A (9)
Polycarbonate  (A-1) (B-1) ©) 40 10 42 70000
resin A (10)
Polycarbonate  (A-1) (B-1) ©) 30 30 34 66000
resin A (11)
Polycarbonate  (A-1) (B-1) ©) 5 10 84 90000
resin A (12)
Polycarbonate  (A-1) (B-1) ©) 40 27 25 77000
resin A (13)
Polycarbonate  (A-2) (B-1) ©) 40 29 26 70000
resin A (14)
Polycarbonate  (A-2) (B-1) ©) 20 20 57 68000
resin A (15)
Polycarbonate  (A-2) (B-1) ©) 5 10 84 85000

resin A (16)
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TABLE 3-continued

Repeating Repeating Repeating Content of Content of Content of

structural structural structural siloxane the formula the formula Weight

unit unit unit moiety in (B) in (C) in average
Component [a] represented  represented  represented polycarbonate  polycarbonate  polycarbonate molecular
(Polycarbonate by by the by the resin A resin resin weight
resin A) formula (A) formula (B) formula (C) (% by mass) (% by mass) (% by mass) (Mw)
Polycarbonate  (A-2) (B-1) (®)] 40 10 45 65000
resin A (17)
Polycarbonate  (A-4) (B-1) (®)] 40 30 27 75000
resin A (18)
Polycarbonate  (A-4) (B-1) (®)] 20 20 58 90000
resin A (19)
Polycarbonate  (A-4) (B-1) (®)] 5 10 84 54000
resin A (20)
Polycarbonate  (A-4) (B-1) (®)] 40 10 47 60000
resin A (21)
Polycarbonate  (A-5) (B-1) (®)] 40 30 27 70000
resin A (22)
Polycarbonate  (A-5) (B-1) (®)] 20 20 59 72000
resin A (23)
Polycarbonate  (A-5) (B-1) (®)] 5 10 84 70000
resin A (24)
Polycarbonate  (A-5) (B-2) (®)] 40 10 47 55000
resin A (25)
Polycarbonate  (A-3) (B-2) (®)] 40 30 26 80000
resin A (26)
Polycarbonate  (A-3) (B-2) (®)] 20 20 58 60000
resin A (27)
Polycarbonate  (A-3) (B-2) (®)] 5 10 84 65000
resin A (28)
Polycarbonate  (A-3) (B-2) (®)] 40 10 46 75000
resin A (29)
Polycarbonate  (A-2) (B-2) (®)] 20 20 57 73000
resin A (30)
Polycarbonate  (A-4) (B-2) (®)] 20 20 58 85000
resin A (31)
Polycarbonate  (A-8) (B-1) (®)] 40 30 27 80000
resin A (32)
Polycarbonate  (A-8) (B-1) (®)] 19 16 65 75000
resin A (33)
Polycarbonate  (A-8) (B-1) (®)] 5 10 84 77000
resin A (34)
Polycarbonate  (A-8) (B-1) (®)] 40 10 47 64000
resin A (35)
Polycarbonate  (A-7) (B-1) (®)] 20 20 58 71000
resin A (36)
Polycarbonate  (A-7) (B-2) (®)] 20 20 58 73000
resin A (37)
Polycarbonate  (A-9) (B-1) (®)] 20 20 59 64000
resin A (38)
Polycarbonate  (A-11) (B-1) (®)] 20 20 58 92000
resin A (39)
Polycarbonate  (A-12) (B-1) (®)] 20 20 58 83000
resin A (40)
Polycarbonate  (A-3) (B-3) (®)] 20 20 58 73000
resin A (41)
Polycarbonate  (A-3) (B-3) (®)] 40 30 26 68000
resin A (42)
Polycarbonate  (A-3) (B-3) (®)] 5 10 84 77000
resin A (43)
Polycarbonate  (A-3) (B4) (®)] 20 20 58 66000

resin A (44)

In a polycarbonate resin A (3), the maximum value of
number n of repetitions of the structure enclosed in parenthe-
ses represented by the formula (A-3) above was 43 and the
minimum value thereof was 37. In polycarbonate resin A
(33), the maximum value of number n of repetitions of the
structure enclosed in parentheses represented by the formula
(A) above was 43 and the minimum value thereof was 37, and
the maximum value of number m of repetitions of the struc-
ture enclosed in parentheses represented by the formula (E)
above was 42 and the minimum value thereof was 38.

Next, the structure of the electrophotographic photosensi-
tive member of the present invention will be described.

55

The electrophotographic photosensitive member of the
present invention has a support, a charge-generating layer
provided on the support and a charge-transporting layer pro-
vided on the charge-generating layer. Furthermore, the
charge-transporting layer is provided as the surface layer (the
uppermost layer) of the electrophotographic photosensitive
member.

Furthermore, the charge-transporting layer of the electro-
photographic photosensitive member of the present invention
contains the constituent o, the constituent § mentioned above
and a charge-transporting substance. Furthermore, the
charge-transporting layer may have a layered structure. In this
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case, at least in the surface-side charge-transporting layer, a
matrix-domain structure is formed.

As the electrophotographic photosensitive member, gener-
ally, a cylindrical electrophotographic photosensitive mem-
ber, in which a photosensitive layer (charge-generating layer,
charge-transporting layer) is formed on a cylindrical support,
is widely used; however, the electrophotographic photosen-
sitive member may have a shape such as a belt and a sheet can
be employed.

(Support)

As the support to be used in the electrophotographic pho-
tosensitive member of the present invention, a support having
conductivity (conductive support) is desirably used.
Examples of the material for the support include aluminium,
aluminum alloy and stainless steel. In the case of a support
made of aluminum or aluminum alloy, an ED tube, an EI tube
and a support prepared by treating these with machining,
electrochemical mechanical polishing, wet-process or dry-
process honing can be used. Furthermore, examples thereof
include a metal support and a resin support having a thin film
of'a conductive material such as aluminum, aluminum alloy
or an indium oxide-tin oxide alloy formed thereon. The sur-
face of the support may be subjected to a machining treat-
ment, a roughening treatment, an alumite treatment, etc.

Furthermore, a resin containing e.g., a conductive particle
such as carbon black, a tin oxide particle, a titanium oxide
particle and a silver particle therein and a plastic having a
conductive resin can be used as the substrate.

In the electrophotographic photosensitive member of the
present invention, a conductive layer having a conductive
particle and a resin may be provided on a support. The con-
ductive layer is formed by using a conductive-layer coating
liquid having a conductive particle dispersed in a resin.
Examples of the conductive particle include carbon black,
acetylene black, a powder of a metal such as aluminium,
nickel, iron, nichrome, copper, zinc and silver and a powder
of a metal oxide such as conductive tin oxide and ITO.

Examples of the resin to be used in the conductive layer
include a polyester resin, a polycarbonate resin, a polyvinyl
butyral resin, an acrylic resin, a silicone resin, an epoxy resin,
a melamine resin, a urethane resin, a phenol resin and an
alkyd resin.

Examples of a solvent for the conductive-layer coating
liquid include an ether solvent, an alcohol solvent, a ketone
solvent and an aromatic hydrocarbon solvent. The film thick-
ness of the conductive layer is desirably not less than 0.2 um
and not more than 40 pm, more desirably not less than 1 um
and not more than 35 pum, and further more desirably not less
than 5 pm and not more than 30 pm.

In the electrophotographic photosensitive member of the
present invention, an intermediate layer may be provided
between the support or the conductive layer and the charge-
generating layer.

The intermediate layer can be formed by applying an inter-
mediate-layer coating liquid containing a resin onto a support
or a conductive layer followed by drying or hardening.

Example of a resin for use in the intermediate layer include
a polyacrylic acid, methyl cellulose, ethyl cellulose, a polya-
mide resin, a polyimide resin, a polyamide imide resin, a
polyamidic acid resin, a melamine resin, an epoxy resin and a
polyurethane resin. As the resin to be used in the intermediate
layer, a thermoplastic resin is desirable. More specifically, a
thermoplastic polyamide resin is desirable. As the polyamide
resin, a low crystalline or amorphous copolymerized nylon is
desirable since such a nylon can be applied in the form of
solution.
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The film thickness of the intermediate layer is desirably not
less than 0.05 pm and not more than 40 um and more desirably
not less than 0.1 pm and not more than 30 um. Furthermore,
the intermediate layer may contain a semi-conductive par-
ticle, an electron transporting substance or an electron receiv-
ing substance.

(Charge-Generating Layer)

In the electrophotographic photosensitive member of the
present invention, a charge-generating layer is provided on a
support, a conductive layer or an intermediate layer.

Examples of the charge-generating substance to be used in
the electrophotographic photosensitive member of the
present invention include an azo pigment, a phthalocyanine
pigment, an indigo pigment and a perylene pigment. These
charge-generating substances may be used singly or as a
mixture of two or more types. Of these, in particular, oxyti-
tanium phthalocyanine, hydroxygallium phthalocyanine and
chlorogallium phthalocyanine are desirable because of high
sensitivity.

Examples of the resin to be used in the charge-generating
layer include a polycarbonate resin, a polyester resin, a
butyral resin, a polyvinyl acetal resin, an acrylic resin, a vinyl
acetate resin and a urea resin. Of these, a butyral resin is
particularly desirable. These resins may be used singly, as a
mixture or a copolymer of two or more.

The charge-generating layer is formed by applying a
charge-generating layer coating liquid, which is obtained by
dispersing a charge-generating substance together with a
resin and a solvent, followed by drying. Furthermore, the
charge-generating layer may be a charge-generating sub-
stance deposition film.

As a dispersion method, a method using a homogenizer, a
supersonic wave, a ball mill, a sand mill, an attritor or a roll
mill is mentioned.

The ratio of a charge-generating substance and a resin is as
follows. The content of a charge-generating substance is
desirably not less than 0.1 parts by mass and not more than 10
parts by mass relative to 1 part by mass of the resin, and more
desirably not less than 1 part by mass and not more than 3
parts by mass.

As the solvent to be used for the charge-generating layer
coating liquid, an alcohol solvent, a sulfoxide solvent, a
ketone solvent, an ether solvent, an ester solvent or an aro-
matic hydrocarbon solvent is mentioned.

The film thickness of the charge-generating layer is desir-
ably not less than 0.01 pm and not more than 5 um and more
desirably not less than 0.1 um and not more than 2 pm.
Furthermore, to the charge-generating layer, if necessary,
various types of sensitizers, antioxidants, UV ray absorbing
agent and plasticizers can be added. Furthermore, to keep
smooth charge-flow through the charge-generating layer, an
electron-transferring substance or an electron receiving sub-
stance may be added to the charge-generating layer.

(Charge-Transporting Layer)

In the electrophotographic photosensitive member of the
present invention, a charge-transporting layer is provided on
a charge-generating layer.

The charge-transporting layer, which is the surface layer of
the electrophotographic photosensitive member of the
present invention, contains the constituent a., the constituent
[ and a charge-transporting substance. As mentioned above,
another resin may further be blended. Examples of the resinto
be blended are as mentioned above. The charge-transporting
substances to be used in the charge-transporting layer of the
present invention may also be used singly or as a mixture of
two or more types.
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The charge-transporting layer can be formed by applying a
charge-transporting layer coating liquid, which is obtained by
dissolving a charge-transporting substance and resins as men-
tioned above in a solvent, followed by drying the applied
liquid.

The ratio of a charge-transporting substance and a resin is
as follows. The content of a charge-transporting substance is
desirably not less than 0.4 parts by mass and not more than 2
parts by mass relative to 1 part by mass of the resin, and more
desirably notless than 0.5 parts by mass and not more than 1.2
parts by mass.

As the solvent to be used for the charge-transporting layer
coating liquid, a ketone solvent, an ester solvent, an ether
solvent and an aromatic hydrocarbon solvent are mentioned.
These solvents may be used singly or as a mixture of two or
more types. Of these solvents, an ether solvent, or an aromatic
hydrocarbon solvent is desirably used in view of resin solu-
bility.

The film thickness of the charge-transporting layer is desir-
ably not less than 5 pm and not more than 50 pm and more
desirably, not less than 10 um and not more than 35 pm.
Furthermore, to the charge-transporting layer, if necessary, an
antioxidant, a UV ray absorbing agent, a plasticizer, etc., can
be added.

To each of the layers of the electrophotographic photosen-
sitive member of the present invention, various types of addi-
tives can be added. Examples of the additives include anti-
degradants such as an antioxidant, an ultraviolet absorber and
alight stabilizer; and microparticles such as an organic micro-
particle and an inorganic microparticle. Examples of the anti-
degradants include hindered phenolic antioxidant, hindered
amine light stabilizer, a sulfur atom-containing antioxidant
and a phosphorus atom-containing antioxidant. Examples of
the organic microparticle include polymer resin particles
such as a fluorine-atom containing resin particle, a polysty-
rene microparticle and a polyethylene resin particle.
Examples of the inorganic microparticle include particles of
an oxide of a metal such as silica and alumina.

When a coating liquid for each layer is applied, a coating
method such as a dip coating method, a spray coating method,
a spinner coating method, a roller coating method, Mayer bar
coating method, a blade coating method can be used.

The FIGURE illustrates an example of a schematic struc-
ture of an electrophotographic apparatus provided with a
process cartridge having an electrophotographic photosensi-
tive member of the present invention.

In the FIGURE, reference numeral 1 represents a cylindri-
cal electrophotographic photosensitive member and rotation-
ally driven about a shaft 2 in the direction of an arrow at a
predetermined circumferential speed. The surface of the elec-
trophotographic photosensitive member 1 rotationally driven
is negatively and uniformly charged to a predetermined
potential with a charging device (primary charging device:
charge roller, etc.) 3 during a rotation process. Subsequently,
the photosensitive member is exposed to light (image expo-
sure light) 4, which is emitted from an exposing device (not
shown) such as a slit exposure device and a laser beam scan-
ning exposure device and the intensity of which is modulated
so as to correspond to the electric digital-image signals of
target image information serially sent with time. In this man-
ner, an electrostatic latent image corresponding to a target
image is sequentially formed on the surface of the electro-
photographic photosensitive member 1.

The electrostatic latent image formed on the surface of the
electrophotographic photosensitive member 1 is converted
into a toner image by reverse development with toner con-
tained in the developer of a developing device 5. Then, the
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toner images carried on the surface of the electrophoto-
graphic photosensitive member 1 are sequentially transferred
to a transfer material (paper-sheet, etc.) P by a transfer bias
from a transferring device (transfer roller) 6. Note that the
transfer material P is taken out from a transfer material supply
device (not shown) in synchronisms with the rotation of the
electrophotographic photosensitive member 1 and fed to the
space between the electrophotographic photosensitive mem-
ber 1 and the transferring device 6 (contact section). Further-
more, to the transferring device 6, a bias voltage of a reverse
polarity to that of the charge the toner has is applied by a bias
power source (not shown).

The transfer material P having a toner image transferred
thereto is separated from the surface of the electrophoto-
graphic photosensitive member 1 and loaded into a fixing
device 8 in which the toner image is fixed and output from the
apparatus as an image formed product (print, copy).

After a toner image is transferred, the developer remaining
(remaining toner) without being transferred is removed by a
cleaning device (cleaning blade, etc.) 7 to clear the surface of
the electrophotographic photosensitive member 1. Subse-
quently, the surface of the electrophotographic photosensitive
member 1 is discharged by pre-exposure light (not shown)
from a pre-exposing device (not shown) and thereafter used
for image formation repeatedly. Note that in the case where
the charging device 3 is a contact charging device using a
charge roller as shown in the FIGURE, pre-light exposure
treatment is not always necessary.

In the present invention, a plurality of the constituents are
selected from the aforementioned ones including the electro-
photographic photosensitive member 1, charging device 3,
developing device 5, transferring device 6, and cleaning
device 7 and housed in a container. In this manner, they are
integrated and constituted as a process cartridge. The process
cartridge may be detachably attached to a main body of an
electrophotographic apparatus such as a copying machine
and a laser beam printer. In the FIGURE, an electrophoto-
graphic photosensitive member 1, a charging device 3, a
developing device 5 and a cleaning device 7 are integrated in
a cartridge and used as a process cartridge 9, which can
detachably attached to a main body of an electrophotographic
apparatus by use of guiding device 10 such as a rail.

The present invention will be more specifically described
below by way of Examples and Comparative Examples.
However, the present invention is not limited by the following
Examples. Note that “parts” described in Examples means
“parts by mass”.

Example 1

An aluminum cylinder having a diameter of 30 mm and a
length 0f 260.5 mm was used as a support. Next, a conductive-
layer coating liquid was prepared by using a solvent mixture
of SnO,-coated barium sulfate (conductive particle) (10
parts), titanium oxide (resistance-controlling pigment) (2
parts), aphenol resin (6 parts) and silicone o0il (leveling agent)
(0.001 part) with a solvent mixture of methanol (4 parts) and
methoxypropanol (16 parts). The aluminum cylinder was
dip-coated with the conductive-layer coating liquid, hardened
at 140° C. for 30 minutes (thermal hardening) to form a
conductive layer having a film thickness of 15 pm.

Next, N-methoxymethylated nylon (3 parts) and copoly-
merized nylon (3 parts) were dissolved in a solvent mixture of
methanol (65 parts) and n-butanol (30 parts) to prepare an
intermediate-layer coating liquid. The conductive layer was
dip-coated with the intermediate-layer coating liquid, and
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dried at 100° C. for 10 minutes to obtain an intermediate layer
having a film thickness of 0.7 pm.

Next, crystal-form hydroxygallium phthalocyanine
(charge-generating substance) (10 parts) having intensive
peaks at a Bragg angle (20+0.2° of 7.5°, 9.9°, 16.3°, 18.6°,
25.1° and 28.3° in CuKa characteristic X-ray diffraction
crystal was prepared. To this, cyclohexanone (250 parts) and
polyvinyl butyral (trade name: S-LEC, BX-1, manufactured
by Sekisui. Chemical Co., Ltd.) (5 parts) were blended and
dispersed by a sand mill apparatus using glass beads having a
diameter of 1 mm in the atmosphere 0f 23+3° C. for one hour.
After the dispersion, ethyl acetate (250 parts) was added to
prepare a charge-generating layer coating liquid. The inter-
mediate layer was dip-coated with the charge-generating
layer coating liquid. This was dried at 100° C. for 10 minutes
to form a charge-generating layer having a film thickness of
0.26 um.

Next, a charge-transporting substance (9 parts) having a
structure represented by the formula (1-11) above and a
charge-transporting substance (1 part) having a structure rep-
resented by the formula (1-14) above as the charge-transport-
ing substance; a polycarbonate resin A (1) (3 parts) synthe-
sized in Synthesis Example 1 as the constituent o and a
polycarbonate resin D (weight average molecular weight
70,000) (7 parts) as the constituent [ were dissolved in a
solvent mixture of o-xylene (60 parts) and
dimethoxymethane (20 parts) to prepare a charge-transport-
ing layer coating liquid. The charge-generating layer was
dip-coated with the charge-transporting layer coating liquid,
dried at 120° C. for one hour to form a charge-transporting
layer having a film thickness of 16 pm. It was confirmed that
the charge-transporting layer thus formed contains a domain
having the constituent @ and the matrix containing the con-
stituent § and a charge-transporting substance.

In this manner, an electrophotographic photosensitive
member having a charge-transporting layer as a surface layer
was manufactured. The contents of the constituent ., the
constituent f, the charge-transporting substance and the
siloxane moiety of a polycarbonate resin A present in the
charge-transporting layer and the content of the siloxane moi-
ety of the polycarbonate resin A relative to the total mass of all
resins in the charge-transporting layer are shown in Table 3.

Next, evaluation will be described.

Variation in bright-part potential (potential variation) at a
during repeated use of 3,000 sheets, a torque relative value at
initial time and at the time of repeated use of 3,000 sheets and
appearance of the surface of an electrophotographic photo-
sensitive member at the time of measurement of torque were
evaluated.

As an evaluation apparatus, a laser beam printer, LBP-
2510, manufactured by Canon Inc. was used, which was
modified so that charge potential (dark-part potential) of the
electrophotographic photosensitive member was controlled.
Furthermore, a cleaning blade made of polyurethane rubber
was set so as to be contact with the surface of an electropho-
tographic photosensitive member with a contact angle of
22.5° and a contact pressure of 35 g/cm. Evaluation was made
under an environment of a temperature of 23° C. and a relative
humidity of 15%.

<Evaluation of Potential Variation>

The amount of exposure (amount of image exposure) by a
780 nm laser light source of an evaluation apparatus was
controlled so that the amount of light on the surface of the
electrophotographic photosensitive member was 0.3 pJ/cm?.
The surface potential (dark-part potential and bright-part
potential) of the electrophotographic photosensitive member
was measured at the position of a developer by replacing the
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developer with a jig having a potential measurement probe,
which was fixed so as to be positioned at a distance of 130 mm
from the end portion of the electrophotographic photosensi-
tive member. The dark-part potential of a non-light exposure
section of the electrophotographic photosensitive member
was set to be —450V, and then, laser light was applied. In this
manner, a bright-part potential obtained by attenuation with
light from a dark-part potential was measured. Furthermore,
image output was continuously performed by using A4 size
plain paper sheets 0f 3,000. The variation between the bright-
part potential before and that after the output was evaluated.
As atest chart, a chart having a printing ratio of 4% was used.
The results are shown in potential variation in Table 10.
<Evaluation of Torque Relative Value>

In the same conditions as the above conditions for evalua-
tion of potential variation, the driving current value (current
value A) of a rotary motor of an electrophotographic photo-
sensitive member was measured. This is an evaluation of
contact stress between an electrophotographic photosensitive
member and a cleaning blade. The magnitude of the current
value represents the magnitude of contact stress between the
electrophotographic photosensitive member and the cleaning
blade.

Furthermore, an electrophotographic photosensitive mem-
ber, which provided a torque serving as a reference value
based on which relative torque is calculated, was manufac-
tured by the following method. The electrophotographic pho-
tosensitive member was manufactured in the same manner as
in Example 1 except that a polycarbonate resin A (1), which
is the constituent o used in the charge-transporting layer of
the electrophotographic photosensitive member of Example
1, was changed to the constituent § described in Table 4, in
other words, the constituent § alone was used as the resin.
This was used as a control electrophotographic photosensi-
tive member.

Using the control electrophotographic photosensitive
member manufactured, the driving current value (current
value B) of a rotary motor of the electrophotographic photo-
sensitive member was measured in the same manner as in
Example 1.

The ratio of the driving current value (current value A) of a
rotary motor of the electrophotographic photosensitive mem-
ber containing the constituent o according to the present
invention and obtained as mentioned above to the control
driving current value (current value B) of a rotary motor of the
electrophotographic photosensitive member containing no
constituent o was computationally obtained. The resultant
numerical value of (current value A)/(current value B) was
used as a torque relative value for comparison. The numerical
value ofthe torque relative value represents a degree of reduc-
tion in contact stress between the electrophotographic photo-
sensitive member using the constituent o and a cleaning
blade. The smaller the numerical value of the torque relative
value, the larger the degree of reduction in contact stress
between the electrophotographic photosensitive member and
the cleaning blade. The results are shown in the column of
initial torque relative value in Table 10.

Subsequently, 3000 images were continuously output on
Ad4-size plain paper. As a test chart, a chart having a printing
ratio of 4% was used. After repeated use of 3,000 paper
sheets, measurement for torque relative value was made. The
torque relative value after 3,000-sheet repeated use was
evaluated in the same manner as in evaluation of the initial
torque relative value. In this case, the control electrophoto-
graphic photosensitive member was repeatedly used for
3000-sheet image output and the driving current value of a
rotary motor was measured at this time to obtain a torque



US 9,188,888 B2

29

relative value after 3,000-sheet repeated use. The results are
shown in the column of torque relative value after 3,000
sheets in Table 10.

<Evaluation of Matrix-Domain Structure>

In the electrophotographic photosensitive member manu-
factured by the aforementioned method, the charge-transport-
ing layer was sectioned in the vertical direction. The section
of the charge-transporting layer was observed by an ultra-
high depth shape measurement microscope VK-9500 (manu-
factured by Keyence Corporation). At the measurement time,
the magnification of the object lens was set at 50x and a
viewing field of the surface of the electrophotographic pho-
tosensitive member was set to be a 100 pm-square (10,000
um?). From the domains observed in the viewing field, 100
domains were selected at random and maximum diameters of
the selected domains were obtained through measurement.
The maximum diameters were computationally averaged to
obtain a number average particle size. The results are shown
in Table 10.

Examples 2 to 100

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
the constituent o, the constituent [} and the charge-transport-
ing substance of charge-transporting layer in Example 1 were
changed as shown in Tables 5 and 6 and evaluated in the same
manner as in Example 1. It was confirmed, in the formed
charge-transporting layer, that the matrix, which contains the
constituent § and the charge-transporting substance, contains
domains containing the constituent c.. The results are shown
in Table 10.

Examples 101 to 150
Electrophotographic photosensitive members each were

manufactured in the same manner as in Example 1 except that
the constituent o, the constituent [} and the charge-transport-
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Note that in Examples 123 to 150, the copolymerization
ratio of the repeating structural unit present in the resin form-
ing the constituent f.

Examples 151 to 197

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
the constituent o, the constituent § and the charge-transport-
ing substance of charge-transporting layer in Example 1 were
changed as shown in Table 8 and evaluated in the same man-
ner as in Example 1. It was confirmed, in the formed charge-
transporting layer, that the matrix, which contains the con-
stituent § and the charge-transporting substance, contains
domains containing the constituent c.. The results are shown
in Table 11.

Note that the weight average molecular weight of a poly-
carbonate resin D used as the constituent [} was:
(D)/(2-1)=8/2: 75,000.

Note that in Examples 151 to 160, the copolymerization
ratio of the repeating structural unit in the resin constituting
the constituent f§ are shown.

Furthermore, the weight average molecular weight of poly-
ester resins represented by the formulas (3-1), (3-2) and (3-3)
above, which were additionally blended as the constituent §
other than a polycarbonate resin D were:

(3-1): 150000
(3-2): 120000
(3-3): 140000.

Furthermore, the repeating structural units represented by
Formulas (3-2) and (3-3) each has terephthalic acid skeleton
and isophthalic acid skeleton in a ratio of 3/7.

COMPARATIVE EXAMPLES

As a comparative resin, a resin F (a polycarbonate resin F)
shown in Table 4 was synthesized in place of a polycarbonate
resin A.

TABLE 4

Repeating Repeating Repeating Content of Content of Content of

structural structural structural siloxane the formula the formula Weight

unit unit unit moiety in (B) in (C) in average

represented  represented  represented polycarbonate  polycarbonate  polycarbonate molecular
Polycarbonate by by the by the resin A resin resin weight
resin F formula (A) formula (B) formula (C) (% by mass) (% by mass) (% by mass) (Mw)
Resin F(1) (A4 B-1) (®] 2 10 88 56000
Resin F(2) (A-2) B-1) (®] 50 20 23 68000
Resin F(3) (A-D) B-1) (®] 20 5 71 67000
Resin F(4) (A-D) B-1) (®] 20 50 26 71000
Resin F(5) (A-D) (B-2) (®] 20 5 71 59000
Resin F(6) (A-3) — (®] 20 — 78 73000
Resin F(7) (A7) — (®] 20 — 79 76000
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ing substance of the charge-transporting layer in Example 1
were changed as shown in Table 7 and evaluated in the same
manner as in Example 1. It was confirmed, in the formed
charge-transporting layer, that the matrix, which contains the
constituent § and the charge-transporting substance, contains
domains containing the constituent c.. The results are shown
in Table 11.

Note that the weight average molecular weights of poly-
carbonate resins D used as the constituent § were:

(D)/(2-3)=5/5: 60,000
(D)/(2-4)=6/4: 65,000.
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Comparative Example 1

An electrophotographic photosensitive member was
manufactured in the same manner as in Example 1 except that
a polycarbonate resin A (1) in Example 1 was changed to a
resin F (1) shown in Table 4 above and changes shown in
Table 9 were made. The constitution of the resins contained in
the charge-transporting layer and the content of a siloxane
moiety are shown in Table 9. Evaluation was made in the
same manner as in Example 1 and the results are shown in
Table 12. A matrix-domain structure was not confirmed in the
charge-transporting layer formed.



US 9,188,888 B2

31
Comparative Examples 2 to 6, 15 to 20 and 27 to 36

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
a polycarbonate resin A (1) in Example 1 was changed to a
resin F (1) shown in Table 4 above and changes shown in
Table 9 were made. The constitution of the resins contained in
the charge-transporting layer and the content of a siloxane
moiety are shown in Table 9. Evaluation was made in the
same manner as in Example 1 and the results are shown in
Table 12. A matrix-domain structure was not confirmed in the
charge-transporting layer formed.

Comparative Examples 7 and 14

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
resin F alone shown in Table 4 was contained as a resin to be
contained in the charge-transporting layer. The constitution
of the resins contained in the charge-transporting layer and
the content of a siloxane moiety are shown in Table 9. Evalu-
ation was made in the same manner as in Example 1 and the
results are shown in Table 12. A matrix-domain structure was
not confirmed in the charge-transporting layer formed. Note
that the electrophotographic photosensitive member used as a
control for torque relative value is the control electrophoto-
graphic photosensitive member used in Example 1.

Comparative Examples 8 to 13 and 21 to 26

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
a polycarbonate resin A (1) in Example 1 was changed to a
resin F shown in Table 4 above and changes shown in Table 9
were made. The constitution of the resins contained in the
charge-transporting layer and the content of a siloxane moi-
ety are shown in Table 9. Evaluation was made in the same
manner as in Example 1 and the results are shown in Table 12.
A matrix-domain structure was formed in the charge-trans-
porting layer formed; however the domains were all large and
nonuniform.

Comparative Examples 37 and 38

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
a polycarbonate resin A (15) in Example 1 was changed to
polycarbonate resin F (8), which is the same resin as resin A
(15) except that the repeating structural unit (A-2) was
changed to that represented by the following formula (A-13),
and changes shown in Table 9 were made. The constitution of
the resins contained in the charge-transporting layer and the
content of a siloxane moiety are shown in Table 9. Evaluation
was made in the same manner as in Example 1 and the results
are shown in Table 12. A matrix-domain structure was not
confirmed in the charge-transporting layer formed. Note that
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numerical value representing the number of repetitions of the
siloxane moiety in the repeating structural unit represented by
the following formula (A-13) represents the average value of
the number of repetitions. In this case, the average value of the
number of repetitions of the siloxane moiety in the repeating
structural unit represented by the following formula (A-13) in
resin F (8) was 10.

(A-13)

(@]
[
C—0O @]
?Hs ?Hs
CH. Si S'—€CH
>l |l i 21
CH;/  CHy

Comparative Examples 39 and 40

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
a polycarbonate resin A (15) in Example 1 was changed to
polycarbonate resin F (9), which is the same resin as resin A
(15) except that the repeating structural unit (A-2) was
changed to that represented by the following formula (A-14),
and changes shown in Table 9 were made. The constitution of
the resins contained in the charge-transporting layer and the
content of a siloxane moiety are shown in Table 9. Evaluation
was made in the same manner as in Example 1 and the results
are shownin Table 12. A matrix-domain structure was formed
in the charge-transporting layer formed; however the
domains were all large and nonuniform. Note that the elec-
trophotographic photosensitive member used as a control for
torque relative value is the control electrophotographic pho-
tosensitive member used in Example 1. Note that numerical
value representing the number of repetitions of the siloxane
moiety in the repeating structural unit represented by the
following formula (A-14) represents the average value of the
number of repetitions. In this case, the average value of the
number of repetitions of the siloxane moiety in the repeating
structural unit represented by the following formula (A-14) in
resin F (9) was 70.

(A-14)

0
[
C—0 0

?Hs ?Hs

CH, ?i sli—(CH2
3
CH;/ CH;
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Comparative Examples 41 to 46

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
a polycarbonate resin A (1) in Example 1 was changed to a
resin (G (1): weight average molecular weight of 60,000)
containing the repeating structural unit represented by the
following formula (G) (structure described in International
Publication No. W02010/008095), the repeating structural
unit represented by the formula (3) above and having the
content of a siloxane moiety in the resin of 30% by mass; and
changes shown in Table 9 were made. The repeating struc-
tural units represented by the following formula (G) and the
formula (3) above contain terephthalic acid skeleton and
isophthalic acid skeleton in a ratio of 1/1. The constitution of
the resins contained in the charge-transporting layer and the
content of a siloxane moiety are shown in Table 9. Evaluation
was made in the same manner as in Example 1 and the results
are shown in Table 12. A matrix-domain structure was formed
in the charge-transporting layer formed. Note that the elec-
trophotographic photosensitive member used as a control for
torque relative value is the control electrophotographic pho-
tosensitive member used in Example 1. Note that numerical
value representing the number of repetitions of the siloxane
moiety in the repeating structural unit represented by the
following formula (G) represents the average value of the
number of repetitions. In this case, average value of the num-
ber of repetitions of the siloxane moiety in the repeating
structural unit represented by the following formula (G) in the
resin G (1) was 40.

Comparative Examples 47 to 52

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
a polycarbonate resin A (15) in Example 1 was changed to a
polycarbonate resin F (10), which is the same resin as resin A
(15) except that the repeating structural unit represented by
the formula (C) above was changed to the repeating structural
unit represented by the formula (2-3), and changes shown in
Table 9 were made. The constitution of the resins contained in
the charge-transporting layer and the content of a siloxane
moiety are shown in Table 9. Evaluation was made in the
same manner as in Example 1 and the results are shown in
Table 12. A matrix-domain structure was not confirmed in the

34
charge-transporting layer formed. A matrix-domain structure
was not confirmed in the charge-transporting layer thus
formed.

Comparative Examples 53 to 56

Electrophotographic photosensitive members each were
manufactured in the same manner as in Example 1 except that
the constituent o, the constituent § and the charge-transport-
ing substance of the charge-transporting layer in Example 1
were changed as shown in Table 9 and evaluation was made in
the same manner as in Example 1. The results are shown in
Table 12. A matrix-domain structure was not confirmed in the
charge-transporting layer formed. Note that repeating struc-
tural units of the polycarbonate resin used as the constituent 3
are shown in Formulas (2-1), (2-3) above and Formulas (2-5),
(2-6), (2-7) below. Note that the weight average molecular
weights of polycarbonate resins used as the constituent 3
were:

(2-3)/(2-5)=5/5: 70,000
(2-3)/(2-1)=8/2: 65,000
(2-6): 50,000
(2-7): 60,000.
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TABLE 5

Charge- Siloxane Blending ratio Siloxane

transporting Component content A Component  of Component [a]  content B

substance [a] (% by mass) [B] to Component [] (% by mass)
Example 1 (1-15) Resin A (1) 40 (D) 3/7 12
Example 2 (1-15) Resin A (1) 40 (D) 6/4 16
Example 3 (1-15) Resin A (1) 40 (D) 2/8 8
Example4 (1 -15) Resin A (1) 40 (D) 3/7 12
Example 5 (1-17) Resin A (1) 40 (D) 3/7 12
Example 6 (1-14) Resin A (1) 40 (D) 3/7 12
Example 7 (1-15) Resin A (2) 30 (D) 5/5 15
Example 8 (1-15) Resin A (2) 30 (D) 3/7 9
Example 9 (1-15) Resin A (2) 30 (D) 2/8 6
Example 10 (1 - 15) Resin A (2) 30 (D) 3/7 9
Example 11 (1 -1)/(1-14)=5/5 Resin A (2) 30 (D) 3/7 9
Example 12 (1 -17) Resin A (2) 30 (D) 3/7 9
Example 13 (1 -11)/(1 -14)=9/1 Resin A (3) 18 (D) 3/7 5
Example 14 (1 -11)/(1 -14)=9/1 Resin A (3) 18 (D) 4/6 7
Example 15 (1-1) Resin A (3) 18 (D) 2/8 4
Example 16 (1 -11)/(1 -13)=9/1 Resin A (3) 18 (D) 3/7 5
Example 17 (1 -11)/(1 -14)=7/3 Resin A (3) 18 (D) 5/5 9
Example 18 (1 - 15) Resin A (3) 18 (D) 1/9 2
Example 19 (1 -7)/(1-6)=5/5 Resin A (3) 18 (D) 5/5 9
Example 20 (1 -15) Resin A (3) 18 (D) 2/8 4
Example 21 (1 -14) Resin A (4) 10 (D) 3/7 3
Example 22 (1 -15) Resin A (4) 10 (D) 5/5 5
Example 23 (1 -3) Resin A (4) 10 (D) 2/8 2
Example 24 (1 -17) Resin A (5) 5 (D) 3/7 2
Example 25 (1 -11)/(1 -13)=9/1 Resin A (5) 5 (D) 5/5 3
Example 26 (1 - 11)/(1 -14)=7/3 Resin A (5) 5 (D) 2/8 1
Example 27 (1 -17) Resin A (6) 5 (D) 3/7 2
Example 28 (1 - 15) Resin A (6) 5 (D) 5/5 3
Example 29 (1 -15) Resin A (6) 5 (D) 2/8 1
Example 30 (1 -17) Resin A (7) 40 (D) 5/5 20
Example 31 (1 -17) Resin A (7) 40 (D) 3/7 12
Example 32 (1-3) Resin A (7) 40 (D) 1/9 4
Example 33 (1-17) Resin A (8) 5 (D) 3/7 2
Example 34 (1 -15) Resin A (8) 5 (D) 5/5 3
Example 35 (1 -15) Resin A (8) 5 (D) 2/8 1
Example 36 (1 - 14) Resin A (9) 40 (D) 5/5 20
Example 37 (1 -14) Resin A (9) 40 (D) 3/7 12
Example 38 (1 -15) Resin A (9) 40 (D) 1/9 4
Example 39 (1 -15) Resin A (10) 40 (D) 5/5 20
Example 40 (1 -3) Resin A (10) 40 (D) 3/7 12
Example4l (1 -17) Resin A (10) 40 (D) 1/9 4
Example 42 (1 -14) Resin A (11) 30 (D) 5/5 15
Example 43 (1 -14) Resin A (11) 30 (D) 3/7 9
Example 44 (1 -14) Resin A (11) 30 (D) 1/9 3
Example 45 (1-17) Resin A (12) 5 (D) 3/7 2
Example 46 (1 - 15) Resin A (12) 5 (D) 5/5 3
Example 47 (1 -15) Resin A (12) 5 (D) 2/8 1
Example 48 (1 - 15) Resin A (13) 40 (D) 5/5 20
Example 49 (1 -3) Resin A (13) 40 (D) 3/7 12
Example 50 (1 -17) Resin A (13) 40 (D) 1/9 4

In Tables 5 to 8, each entry in the column “Charge-trans-
porting substance” refers to the charge-transporting sub-
stance contained in the charge-transporting layer. When the
charge-transporting substances are blended and used, the
entry refers to the types of charge-transporting substances
and the blending ratio thereof. In Tables 5 to 8, each entry in
the column “Component [a.]” refers to the composition of the
constituent .. In Tables 5 to 8, each entry in the column
“Siloxane content A (% by mass)” refers to the content of a
siloxane moiety (% by mass) in a polycarbonate resin A. In
Tables 5 to 8, each entry in the column “Component [f]”
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refers to the composition of the constituent . In Tables 5to 8,
each entry in the column “Blending ratio of Component [al]
and Component [ 3] refers to a blending ratio of the constitu-
ent o and the constituent f§ in a charge-transporting layer (the
constituent a/the constituent 3). In Tables 5 to 8, each entry in
the column “Siloxane content B (% by mass)” refers to the
content of a siloxane moiety (% by mass) in the polycarbonate
resin A relative to the total mass of resins in the charge-
transporting layer. For Examples 161 to 197 in Table 8, the
numbers (parts) of the formula (D) and the formula (3) in the
column of “Component [B]” each represent a blending
amount of resins.

TABLE 6
Charge- Siloxane Blending ratio Siloxane
transporting Component content A Component  of Component [a] content B
substance [a] (% by mass) [B] to Component [B] (% by mass)
Example 51 (1 -11)/(1 -14)=7/3 Resin A (14) 40 (D) 5/5 20
Example 52 (1 -15) Resin A (14) 40 (D) 3/7 12
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TABLE 6-continued

Charge- Siloxane Blending ratio Siloxane

transporting Component content A Component  of Component [a]  content B

substance [a] (% by mass) [B] to Component [] (% by mass)
Example 53 (1 - 15) Resin A (14) 40 (D) 1/9 4
Example 54 (1 -11)/(1 -14)=7/3 Resin A (15) 20 (D) 3/7 6
Example 55 (1 -15) Resin A (15) 20 (D) 5/5 10
Example 56 (1 -17) Resin A (16) 5 (D) 5/5 3
Example 57 (1 -15) Resin A (16) 5 (D) 2/8 1
Example 58 (1 -17) Resin A (17) 40 (D) 1/9 4
Example 59 (1 -11)/(1-14)=7/3 Resin A (17) 40 (D) 5/5 20
Example 60 (1 -5) Resin A (17) 40 (D) 3/7 12
Example 61 (1 -11)/(1 -14)=7/3 Resin A (18) 40 (D) 1/9 4
Example 62 (1 -11)/(1 -14)=7/3 Resin A (18) 40 (D) 5/5 20
Example 63 (1 -17) Resin A (18) 40 (D) 3/7 12
Example 64 (1 -11)/(1 -14)=7/3 Resin A (19) 20 (D) 3/7 6
Example 65 (1 -11)/(1 -14)=7/3 Resin A (19) 20 (D) 5/5 10
Example 66 (1 -17) Resin A (20) 5 (D) 5/5 3
Example 67 (1 - 15) Resin A (20) 5 (D) 2/8 1
Example 68 (1 - 15) Resin A (21) 40 (D) 1/9 4
Example 69 (1 -11)/(1 -14)=7/3 Resin A (21) 40 (D) 5/5 20
Example 70 (1 -7)/(1-6)=5/5 Resin A (21) 40 (D) 3/7 12
Example 71 (1 -11)/(1 -14)=7/3 Resin A (22) 40 (D) 5/5 20
Example 72 (1 -7)/(1-6)=5/5 Resin A (22) 40 (D) 3/7 12
Example 73 (1 -17) Resin A (23) 20 (D) 3/7 6
Example 74 (1 -17) Resin A (23) 20 (D) 5/5 10
Example 75 (1 -11)/(1 -14)=7/3 Resin A (24) 5 (D) 5/5 3
Example 76 (1 -5) Resin A (24) 5 (D) 2/8 1
Example 77 (1 -17) Resin A (25) 40 (D) 5/5 20
Example 78 (1 -7)/(1-6)=5/5 Resin A (25) 40 (D) 3/7 12
Example 79 (1 -15) Resin A (26) 40 (D) 5/5 20
Example 80 (1 - 15) Resin A (26) 40 (D) 3/7 12
Example 81 (1 -7)/(1-6)=5/5 Resin A (27) 20 (D) 3/7 6
Example 82 (1 -15) Resin A (27) 20 (D) 5/5 10
Example 83 (1 - 15) Resin A (28) 5 (D) 5/5 3
Example 84 (1 -7)/(1-6)=5/5 Resin A (28) 5 (D) 2/8 1
Example 85 (1 -15) Resin A (29) 40 (D) 5/5 20
Example 86 (1 - 15) Resin A (29) 40 (D) 3/7 12
Example 87 (1 -7)/(1-6)=5/5 Resin A (30) 20 (D) 3/7 6
Example 88 (1 -7)/(1-6)=5/5 Resin A (31) 20 (D) 3/7 6
Example 89 (1 -11)/(1 -14)=7/3 Resin A (32) 40 (D) 1/9 4
Example 90 (1 - 15) Resin A (32) 40 (D) 5/5 20
Example 91 (1 -15) Resin A (32) 40 (D) 3/7 12
Example 92 (1 -15) Resin A (33) 19 (D) 3/7 6
Example 93 (1 -15) Resin A (33) 19 (D) 3/7 6
Example 94 (1 - 15) Resin A (33) 19 (D) 4/6 8
Example 95 (1 -15) Resin A (33) 19 (D) 2/8 4
Example 96 (1 - 15) Resin A (33) 19 (D) 3/7 6
Example 97 (1 -17) Resin A (33) 19 (D) 5/5 10
Example 98 (1 -17) Resin A (33) 19 (D) 1/9 2
Example 99 (1 -17) Resin A (34) 5 (D) 5/5 3
Example 100 (1 -17) Resin A (34) 5 (D) 2/8 1

TABLE 7

Charge- Siloxane Blending ratio Siloxane

transporting Component content A Component of Component [a]  content B

substance [a] (% by mass) [B] to Component [P] (% by mass)
Example 101 (1 - 15) Resin A (35) 40 (D) 5/5 20
Example 102 (1 - 15) Resin A (35) 40 (D) 1/9 4
Example 103 (1 -7)/(1-6)=5/5 Resin A (36) 20 (D) 3/7 6
Example 104 (1 -5) Resin A (36) 20 (D) 5/5 10
Example 105 (1 -7)/(1-6)=5/5 Resin A (37) 20 (D) 3/7 6
Example 106 (1 -5) Resin A (37) 20 (D) 5/5 10
Example 107 (1 - 14) Resin A (38) 20 (D) 3/7 6
Example 108 (1 - 14) Resin A (38) 20 (D) 5/5 10
Example 109 (1 - 15) Resin A (39) 20 (D) 5/5 10
Example 110 (1 -11)/(1 -14)=7/3 Resin A (39) 20 (D) 3/7 6
Example 111 (1 -11)/(1 -14)=7/3 Resin A (39) 20 (D) 1/9 1
Example 112 (1 - 15) Resin A (40) 20 (D) 5/5 10
Example 113 (1 -17) Resin A (40) 20 (D) 3/7 6
Example 114 (1 -17) Resin A (40) 20 (D) 1/9 1
Example 115 (1 - 15) Resin A (41) 18 (D) 5/5 9
Example 116 (1 - 15) Resin A (41) 18 (D) 3/7 5
Example 117 (1 -7)/(1-6)=5/5 Resin A (42) 40 (D) 3/7 12
Example 118 (1 - 15) Resin A (42) 40 (D) 2/8 8



US 9,188,888 B2

39 40
TABLE 7-continued

Charge- Siloxane Blending ratio Siloxane

transporting Component content A Component of Component [a]  content B

substance [a] (% by mass) [B] to Component [P] (% by mass)
Example 119 (1 - 15) Resin A (43) 5 (D) 5/5 3
Example 120 (1 -17) Resin A (43) 20 (D) 3/7 6
Example 121 (1 - 15) Resin A (44) 20 (D) 2/8 2
Example 122 (1 - 15) Resin A (44) 20 (D) 3/7 6
Example 123 (1 - 15) Resin A (19) 20 D)y(2-3)=5/5 2/8 2
Example 124 (1 - 15) Resin A (26) 40 D)y(2-3)=5/5 3/7 12
Example 125 (1 - 15) Resin A (26) 40 D)y(2-3)=5/5 2/8 8
Example 126 (1 -15) Resin A (33) 19 D)y(2-3)=5/5 3/7 6
Example 127 (1 - 15) Resin A (33) 19 D)y(2-3)=5/5 2/8 2
Example 128 (1 - 15) Resin A (3) 18 D)y(2-3)=5/5 5/5 9
Example 129 (1 - 15) Resin A (3) 18 D)y(2-3)=5/5 3/7 5
Example 130 (1 - 15) Resin A (7) 40 D)y(2-3)=5/5 3/7 12
Example 131 (1 -15) Resin A (7) 40 D)y(2-3)=5/5 2/8 8
Example 132 (1 - 15) Resin A (8) 5 D)y(2-3)=5/5 5/5 3
Example 133 (1 - 15) Resin A (15) 20 D)(2-4)=6/4 3/7 6
Example 134 (1 - 15) Resin A (15) 20 D)(2-4)=6/4 2/8 2
Example 135 (1 - 15) Resin A (19) 20 D)(2-4)=6/4 3/7 6
Example 136 (1 - 15) Resin A (19) 20 D)(2-4)=6/4 2/8 2
Example 137 (1 -15) Resin A (26) 40 D)(2-4)=6/4 3/7 12
Example 138 (1 - 15) Resin A (26) 40 D)(2-4)=6/4 2/8 8
Example 139 (1 - 15) Resin A (33) 19 D)(2-4)=6/4 3/7 6
Example 140 (1 - 15) Resin A (33) 19 D)(2-4)=6/4 2/8 2
Example 141 (1 - 15) Resin A (3) 18 D)(2-4)=6/4 5/5 9
Example 142 (1 - 15) Resin A (3) 18 D)(2-4)=6/4 3/7 5
Example 143 (1 - 15) Resin A (7) 40 D)(2-4)=6/4 3/7 12
Example 144 (1 - 15) Resin A (8) 5 D)(2-4)=6/4 5/5 3
Example 145 (1 -17) Resin A (15) 20 D)(2-4)=6/4 3/7 6
Example 146 (1 -17) Resin A (19) 20 D)(2-4)=6/4 3/7 6
Example 147 (1 -17) Resin A (26) 40 D)(2-4)=6/4 3/7 12
Example 148 (1 -17) Resin A (26) 40 D)(2-4)=6/4 2/8 8
Example 149 (1 -17) Resin A (33) 19 D)(2-4)=6/4 3/7 6
Example 150 (1 -17) Resin A (33) 19 D)(2-4)=6/4 2/8 4

TABLE 8

Charge- Siloxane Blending ratio Siloxane

transporting Component content A Component of Component [a]  content B

substance [a] (% by mass) [B] to Component [P] (% by mass)
Example 151 (1 -7)/(1-6)=5/5 ResinA (3) 18 D)y(2-1)=8/2 5/5 9
Example 152 (1 -7)/(1-6)=5/5 ResinA (3) 18 D)y(2-1)=8/2 3/7 5
Example 153 (1 -7)/(1-6)=5/5 ResinA (7) 40 D)y(2-1)=8/2 3/7 12
Example 154 (1 -7)/(1-6)=5/5 ResinA (8) 5 D)y(2-1)=8/2 5/5 3
Example 155 (1 -7)/(1-6)=5/5 Resin A (15) 20 D)y(2-1)=8/2 3/7 6
Example 156 (1 -7)/(1-6)=5/5 Resin A (19) 20 D)y(2-1)=8/2 3/7 6
Example 157 (1 -7)/(1-6)=5/5 Resin A (26) 40 D)y(2-1)=8/2 3/7 12
Example 158 (1 -7)/(1-6)=5/5 Resin A (26) 40 D)y(2-1)=8/2 2/8 8
Example 159 (1 -7)/(1-6)=5/5 Resin A (33) 19 D)y(2-1)=8/2 3/7 6
Example 160 (1 -7)/(1-6)=5/5 Resin A (33) 19 D)y(2-1)=8/2 2/8 2
Example 161 (1 - 15) Resin A (3) 18 (D)9 parts, (3 - 1)1 part 5/5 9
Example 162 (1 - 15) Resin A (3) 18 (D)9 parts, (3 - 1)1 part 3/7 5
Example 163 (1 - 15) Resin A (7) 40 (D)9 parts, (3 - 1)1 part 3/7 12
Example 164 (1 - 15) Resin A (8) 5 (D)9 parts, (3 - 1)1 part 5/5 3
Example 165 (1 - 15) Resin A (15) 20 (D)9 parts, (3 - 1)1 part 3/7 6
Example 166 (1 - 15) Resin A (19) 20 (D)9 parts, (3 - 1)1 part 3/7 6
Example 167 (1 -17) Resin A (26) 40 (D)9 parts, (3 - 1)1 part 3/7 12
Example 168 (1 -17) Resin A (26) 40 (D)9 parts, (3 - 1)1 part 2/8 8
Example 169 (1 -17) Resin A (33) 19 (D)9 parts, (3 - 1)1 part 3/7 6
Example 170 (1 -17) Resin A (33) 19 (D)9 parts, (3 - 1)1 part 2/8 2
Example 171 (1 -17) Resin A (3) 18 (D)9 parts, (3 - 2)1 part 5/5 9
Example 172 (1 - 15) Resin A (3) 18 (D)9 parts, (3 - 2)1 part 3/7 5
Example 173 (1 -17) Resin A (7) 40 (D)9 parts, (3 - 2)1 part 3/7 12
Example 174 (1 - 15) Resin A (7) 40 (D)9 parts, (3 - 2)1 part 2/8 8
Example 175 (1 - 15) Resin A (8) 5 (D)9 parts, (3 - 2)1 part 5/5 3
Example 176 (1 - 15) Resin A (15) 20 (D)9 parts, (3 - 2)1 part 3/7 6
Example 177 (1 -17) Resin A (15) 20 (D)9 parts, (3 - 2)1 part 2/8 2
Example 178 (1 - 15) Resin A (19) 20 (D)9 parts, (3 - 2)1 part 3/7 6
Example 179 (1 -17) Resin A (19) 20 (D)9 parts, (3 - 2)1 part 2/8 2
Example 180 (1 - 15) Resin A (26) 40 (D)9 parts, (3 - 2)1 part 3/7 12
Example 181 (1 -17) Resin A (26) 40 (D)9 parts, (3 - 2)1 part 2/8 8
Example 182 (1 -17) Resin A (33) 19 (D)9 parts, (3 - 2)1 part 3/7 6
Example 183 (1 - 15) Resin A (33) 19 (D)9 parts, (3 - 2)1 part 2/8 2
Example 184 (1 - 15) Resin A (32) 40 (D)9 parts, (3 - 2)1 part 3/7 12
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TABLE 8-continued
Charge- Siloxane Blending ratio Siloxane
transporting Component content A Component of Component [a]  content B
substance [a] (% by mass) [B] to Component [P] (% by mass)
Example 185 (1 - 15) Resin A (34) 5 (D)9 parts, (3 - 2)1 part 5/5 3
Example 186 (1 - 15) Resin A (33) 19 (D)9 parts, (3 - 2)1 part 3/7 6
Example 187 (1 -17) Resin A (33) 19 (D)9 parts, (3 - 2)1 part 2/8 2
Example 188 (1 - 15) Resin A (3) 18 (D)9 parts, (3 - 3)1 part 5/5 9
Example 189 (1 -17) Resin A (3) 18 (D)9 parts, (3 - 3)1 part 3/7 5
Example 190 (1 - 15) Resin A (7) 40 (D)9 parts, (3 - 3)1 part 3/7 12
Example 191 (1 -15) Resin A (8) 5 (D)9 parts, (3 - 3)1 part 5/5 3
Example 192 (1 - 15) Resin A (15) 20 (D)9 parts, (3 - 3)1 part 3/7 6
Example 193 (1 - 15) Resin A (19) 20 (D)9 parts, (3 - 3)1 part 3/7 6
Example 194 (1 - 15) Resin A (26) 40 (D)9 parts, (3 - 3)1 part 3/7 12
Example 195 (1 -17) Resin A (26) 40 (D)9 parts, (3 - 3)1 part 2/8 8
Example 196 (1 - 15) Resin A (33) 19 (D)9 parts, (3 - 3)1 part 3/7 6
Example 197 (1 -17) Resin A (33) 19 (D)9 parts, (3 - 3)1 part 2/8 2
TABLE 9
Charge- Siloxane Blending ratio Siloxane
transporting content A Component of Component [a]  content B
substance Resin (% by mass) [B] to Component [P] (% by mass)
Comp. Ex. 1 (1-17) Resin F(1) 2 (D) 3/7 0.6
Comp. Ex. 2 (1-15) Resin F(1) 2 D)y(2-3)=5/5 3/7 0.6
Comp. Ex. 3 (1-1) Resin F(1) 2 (D)9 parts, (3 - 1)1 part 3/7 0.6
Comp. Ex. 4 (1-17) Resin F(1) 2 (D) 5/5 1
Comp. Ex. 5 (I-7)/(1-6)=5/5 ResinF(1) 2 D)(2-4)=6/4 5/5 1
Comp. Ex. 6 (1-1) Resin F(1) 2 (D)9 parts, (3 - 1)1 part 5/5 1
Comp. Ex. 7 (1-15) Resin F(1) 2 — — 2
Comp. Ex. 8 (1-17) Resin F(2) 50 (D) 3/7 15
Comp. Ex. 9 (I-7)/(1-6)=5/5 ResinF(2) 50 D)y(2-3)=5/5 3/7 15
Comp. Ex. 10 (1-1) Resin F(2) 50 (D)9 parts, (3 - 1)1 part 3/7 15
Comp. Ex. 11 (1-17) Resin F(2) 50 (D) 1/9 5
Comp. Ex. 12 (1-7)/(1-6)=5/5 Resin F(2) 50 D)y(2-1)=8/2 1/9 5
Comp. Ex. 13 (1-1) Resin F(2) 50 (D)9 parts, (3 - 1)1 part 1/9 5
Comp. Ex. 14 (1-15) Resin F(2) 50 — — 50
Comp. Ex. 15 (1-17) Resin F(3) 20 (D) 3/7 6
Comp. Ex. 16  (1-15) Resin F(3) 20 D)y(2-3)=5/5 3/7 6
Comp. Ex. 17 (1-15) Resin F(3) 20 (D)9 parts, (3 - 3)1 part 3/7 6
Comp. Ex. 18  (1-15) Resin F(3) 20 (D) 5/5 10
Comp. Ex. 19 (1-17) Resin F(3) 20 D)y(2-3)=5/5 5/5 10
Comp. Ex. 20 (1 -7)/(1-6)=5/5 Resin F(3) 20 (D)9 parts, (3 - 2)1 part 5/5 10
Comp. Ex. 21  (1-17) Resin F(4) 20 (D) 3/7 6
Comp. Ex. 22 (1-7)/(1-6)=5/5 ResinF(4) 20 D)(2-4)=6/4 3/7 6
Comp. Ex. 23 (1-7)/(1-6)=5/5 Resin F(4) 20 (D)9 parts, (3 - 1)1 part 3/7 6
Comp. Ex. 24 (1-7)/(1-6)=5/5 ResinF(4) 20 (D) 5/5 10
Comp. Ex. 25 (1-17) Resin F(4) 20 D)(2-4)=6/4 5/5 10
Comp. Ex. 26 (1 -7)/(1-6)=5/5 Resin F(4) 20 (D)9 parts, (3 - 1)1 part 5/5 10
Comp. Ex. 27 (1-17) Resin F(5) 20 (D) 3/7 6
Comp. Ex. 28 (1-1) Resin F(5) 20 (D) 5/5 10
Comp. Ex. 29 (1-17) Resin F(6) 20 (D) 3/7 6
Comp. Ex. 30 (1-1) Resin F(6) 20 (D) 5/5 10
Comp. Ex. 31 (1-17) Resin F(7) 20 (D) 3/7 6
Comp. Ex. 32 (1-7)/(1-6)=5/5 ResinF(7) 20 D)y(2-3)=5/5 3/7 6
Comp. Ex. 33 (1-7)/(1-6)=5/5 Resin F(7) 20 (D)9 parts, (3 - 2)1 part 3/7 6
Comp. Ex. 34 (1-14) Resin F(7) 20 (D) 5/5 10
Comp. Ex. 35 (1-17) Resin F(7) 20 D)y(2-3)=5/5 5/5 10
Comp. Ex. 36 (1-7)/(1-6)=5/5 Resin F(7) 20 (D)9 parts, (3 - 3)1 part 5/5 10
Comp. Ex. 37 (1-17) Resin F(8) 20 (D) 3/7 6
Comp. Ex. 38 (1-1) Resin F(8) 20 (D) 5/5 10
Comp. Ex. 39 (1-17) Resin F(9) 20 (D) 3/7 6
Comp. Ex. 40 (1-13) Resin F(9) 20 (D) 5/5 10
Comp. Ex. 41  (1-14) Resin G 30 (D) 3/7 9
Comp. Ex. 42 (1-14) Resin G 30 D)y(2-3)=5/5 3/7 9
Comp. Ex. 43 (1-14) Resin G 30 (D)9 parts, (3 - 1)1 part 3/7 9
Comp. Ex. 44 (1-14) Resin G 30 (D) 5/5 15
Comp. Ex. 45 (1-14) Resin G 30 D)y(2-3)=5/5 5/5 15
Comp. Ex. 46 (1-14) Resin G 30 (D)9 parts, (3 - 1)1 part 5/5 15
Comp. Ex. 47 (1-15) Resin F(10) 20 (D) 3/7 6
Comp. Ex. 48  (1-15) Resin F(10) 20 D)y(2-3)=5/5 3/7 6
Comp. Ex. 49  (1-15) Resin F(10) 20 (D)9 parts, (3 - 1)1 part 3/7 6
Comp. Ex. 50 (1-17) Resin F(10) 20 (D) 5/5 10
Comp. Ex. 51  (1-15) Resin F(10) 20 D)(2-4)=6/4 5/5 10
Comp. Ex. 52 (1-15) Resin F(10) 20 (D)9 parts, (3 - 2)1 part 5/5 10
Comp. Ex. 53 (1-15) Resin A (15) 20 (2-3)/(2-5)=5/5 5/5 10
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TABLE 9-continued
Charge- Siloxane Blending ratio Siloxane
transporting content A Component of Component [a]  content B
substance Resin (% by mass) [B] to Component [P] (% by mass)
Comp. Ex. 54 (1-15) Resin A (15) 20 2-3)/(2-1)=8/72 5/5 10
Comp. Ex. 55 (1-15) Resin A (15) 20 (2-6) 5/5 10
Comp. Ex. 56  (1-15) Resin A (15) 20 2-7 5/5 10

In Table 9, each entry in the column “charge-transporting
substance” refers to the charge-transporting substance con-
tained in the charge-transporting layer. When the charge-
transporting substances are blended, the entry refers to the
types of charge-transporting substances and the blending
ratio thereof. In Table 9, “Resin F”’ represents a resin F having
a siloxane moiety. In Table 9, each entry in the column “Silox-
ane content A (% by mass)” refers to the content of a siloxane
moiety (% by mass) in “resin F”. In Table 9, each entry in the
column “Component [[]” refers to the composition of the
constituent (3. In Table 9, each entry in the column “Blending
ratio of Resin F and Component [ 3] refers to a blending ratio
of resin F or polycarbonate resin A and the constituent § in a
charge-transporting layer (resin F/the constituent j3). In Table
9, each entry in the column “Siloxane content B (% by mass)”
refers to the content of the siloxane moiety (% by mass) in
“resin F” relative to the total mass of all resins in the charge-
transporting layer.

TABLE 10
Initial Torque
Potential torque relative Particle
variation relative value after diameter

V) value 3,000 sheets (nm)
Example 1 25 0.57 0.61 440
Example 2 24 0.56 0.62 470
Example 3 23 0.58 0.64 450
Example 4 20 0.57 0.62 440
Example 5 21 0.60 0.62 420
Example 6 19 0.55 0.59 440
Example 7 16 0.62 0.68 430
Example 8 22 0.61 0.67 400
Example 9 24 060 0.65 410
Example 10 25 0.58 0.66 430
Example 11 22 0.62 0.65 430
Example 12 25 0.64 0.65 420
Example 13 13 0.65 0.68 330
Example 14 15 0.61 0.65 310
Example 15 12 0.61 0.65 290
Example 16 15 0.62 0.64 300
Example 17 14 0.62 0.62 310
Example 18 14 0.60 0.67 310
Example 19 16 0.65 0.68 320
Example 20 12 0.63 0.68 340
Example 21 15 0.65 0.78 400
Example 22 18 0.66 0.80 380
Example 23 20 0.68 0.77 370
Example 24 21 0.77 0.75 310
Example 25 19 0.78 0.81 300
Example 26 18 0.77 0.81 320
Example 27 17 0.78 0.80 330
Example 28 20 0.77 0.79 310
Example 29 18 0.76 0.81 290
Example 30 25 0.61 0.65 450
Example 31 27 0.63 0.68 440
Example 32 28 0.63 0.69 450
Example 33 18 0.69 0.72 360
Example 34 19 0.72 0.76 310
Example 35 20 0.71 0.77 320
Example 36 28 0.65 0.71 450
Example 37 26 0.62 0.66 410
Example 38 28 0.66 0.68 420

Example 39 28 0.63 068 420
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TABLE 10-continued

Initial Torque
Potential torque relative Particle
variation relative value after diameter

V) value 3,000 sheets (nm)
Example 40 20 0.61 0.68 400
Example 41 27 0.66 0.71 430
Example 42 22 0.67 0.69 340
Example 43 25 0.63 0.70 350
Example 44 21 0.62 0.65 340
Example 45 17 0.77 0.80 300
Example 46 16 0.78 0.81 310
Example 47 18 0.80 0.81 330
Example 48 25 0.67 0.68 430
Example 49 26 0.65 0.67 460
Example 50 27 0.64 0.68 450
Example 51 22 0.62 0.66 440
Example 52 23 0.64 0.68 430
Example 53 22 0.64 0.68 410
Example 54 21 0.71 0.75 380
Example 55 22 0.72 0.78 340
Example 56 17 0.72 0.77 310
Example 57 18 0.82 0.78 320
Example 58 27 0.61 0.74 420
Example 59 26 0.62 0.74 450
Example 60 25 0.63 0.63 510
Example 61 24 0.68 0.69 480
Example 62 24 0.66 0.65 380
Example 63 25 0.61 0.69 420
Example 64 23 0.67 0.71 380
Example 65 17 0.66 0.69 360
Example 66 18 0.61 0.68 340
Example 67 21 0.63 0.67 410
Example 68 29 0.63 0.67 430
Example 69 28 0.69 0.68 440
Example 70 25 0.63 0.66 450
Example 71 26 0.65 0.69 420
Example 72 24 0.61 0.67 400
Example 73 22 0.64 0.69 370
Example 74 24 0.62 0.68 390
Example 75 17 0.72 0.72 370
Example 76 18 0.65 0.73 350
Example 77 29 0.71 0.69 430
Example 78 28 0.66 0.68 400
Example 79 27 0.64 0.72 400
Example 80 25 0.54 0.68 400
Example 81 26 0.61 0.66 410
Example 82 25 0.62 0.67 420
Example 83 18 0.68 0.73 360
Example 84 17 0.70 0.72 350
Example 85 28 0.60 0.66 450
Example 86 27 0.61 0.68 420
Example 87 26 0.65 0.67 440
Example 88 25 0.62 0.68 410
Example 89 12 041 0.57 290
Example 90 11 042 0.58 250
Example 91 12 0.44 0.57 270
Example 92 9 0.35 0.53 210
Example 93 7 0.33 0.51 210
Example 94 8 0.36 0.53 220
Example 95 8 0.36 0.56 240
Example 96 8 0.37 0.54 230
Example 97 9 0.37 0.55 230
Example 98 7 0.39 0.57 240
Example 99 11 041 0.59 260
Example 100 9 0.38 0.60 270
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In Tables 10 to 12, “particle diameter” represents the num- TABLE 11 -continued
ber average particle size of domains.
Initial Torque
Potential torque relative Particle
TABLE 11 5 variation relative value after diameter
. V) value 3,000 sheets (nm)
Initial Torque
Potential torque relative Particle Example 172 22 0.66 0.68 330
variation relative value after diameter Example 173 20 0.61 0.70 350
V) value 3,000 sheets (nm) Example 174 23 0.60 0.65 330
Example 175 21 0.60 0.66 340
Example 101 8 0.42 0.54 230 10 Example 176 20 0.58 0.59 330
Example 102 1 0.41 056 250 Example 177 21 0.54 0.62 350
EXMPF }8431 }(1) 8-33 g-zg ;gg Example 178 22 051 0.66 330
XAmp'e : : Example 179 23 0.66 0.67 340
Example 105 8 0.44 0.58 260 Examgle 180 25 0.61 0.68 330
EXMPF }83 ; 8-12 8-28 54518 Example 181 22 0.62 0.66 360
Eiﬁglz 108 9 0.45 059 230 15 EXMPF igg S g'gi 8'22 ig
Example 109 28 0.58 0.70 380 Eiﬁglz 184 10 033 0.50 550
Example 110 27 0.55 0.65 380 Fxample 185 5 0.50 0.55 200
Eiﬁg}: ﬁ; ;g 82; 8'3? ;ig Example 186 6 037 0.51 240
Example 113 25 0.55 0.72 370 Example 187 7 042 0.33 240
Example 114 29 0.58 0.66 340 20 Lxample 188 19 0.66 0.70 350
Fxample 115 Pt 03 075 410 Example 189 24 0.62 0.72 380
Example 116 37 0.68 07 300 Example 190 23 0.66 0.69 350
Example 117 26 0.69 0.72 400 Example 191 25 0.63 0.71 340
Example 118 29 0.75 0.75 390 Example 192 23 0.65 0.70 350
Example 119 30 0.72 0.76 390 Example 193 25 0.62 0.72 340
Example 120 28 0.76 0.79 390 55 Example 194 23 0.66 0.69 350
Example 121 26 0.71 0.79 410 Example 195 25 0.61 071 350
Example 122 25 0.74 0.76 420 Example 196 9 042 0.53 240
Example 123 26 0.74 0.77 400 Example 197 7 0.49 0.60 200
Example 124 25 0.76 0.79 400
Example 125 26 0.75 0.80 430
Example 126 21 0.63 0.68 320 30
Example 127 19 0.61 0.66 330
Example 128 25 0.77 0.78 440 TABLE 12
Example 129 24 0.75 0.76 420 -
Example 130 2 0.76 0.79 400 , Initial Torque ,
Example 131 2o 0.74 0.77 410 Potlenltlal torq}le relative Ifamcle
Example 132 55 0.76 0.78 420 variation relative value after diameter
Example 133 25 0.75 0.80 420 35 V) value 3,000 sheets  (nm)
Example 134 24 0.73 0.77 420 Comp. Ex. 1 % 0.05 0.08 —
Example 135 23 0.74 0.76 400 o . .
Example 136 24 0.75 0.76 390 ggig Ei g f; 8'32 8'32 —
Example 137 23 0.72 0.77 410 Comp. Ex. 4 17 093 0,08 _
Example 138 25 0.76 0.79 420 Comp. Ex. 5 19 093 0.99 _
Example 139 18 0.61 0.68 340 40 Comp. Ex. 6 » 099 0.95 _
Example 140 19 0.62 0.67 330 Comp. Ex. 7 o 0.95 o097 _
Example 141 26 0.75 0.76 380 Comp. Ex. 8 81 0.58 0.81 1000
Example 142 23 0.74 0.76 400 Comp. Ex. 9 28 063 083 1050
Example 143 24 0.75 0.76 420 Comp. Ex. 10 84 0.65 0.85 1100
Example 144 22 0.75 0.78 400 Comp. Ex. 11 79 0.64 0.84 1030
Example 145 2 0.72 0.75 420 45 Comp. Ex. 12 96 0.63 0.82 1120
Eiﬁpiz }ig éi 8'% 8;; ;zg Comp. Ex. 13 9 0.65 0.82 1020
P : : Comp. Ex. 14 56 0.90 0.96 —
EXMPF }ig f;‘ 8'8 8'2461 ‘3‘58 Comp. Ex. 15 43 0.89 0.97 -
xample X .
Example 150 18 0.59 0.68 340 ggig Ei ig g g'gg g'gg -
Example 131 by 0-68 0.1 380 50 Comp. Ex. 18 ) 0.90 0.94 -
Example 152 26 0.71 0.72 400 Comp. Ex, 19 < 0.88 096 _
Example 153 27 0.77 0.77 360 Comp. Ex, 20 o 001 008 _
Example 154 23 0.71 0.73 350 Comp. Ex. 21 3% 068 080 1350
Example 155 24 0.68 0.72 350 Comp. Ex. 22 125 0.67 0.81 1250
E’“”“Pie 156 23 0.66 0.73 380 Comp. Ex. 23 144 0.66 0.84 1280
Eigglz g; ;‘5‘ 8:2; 8:;; igg 55 Comp. Fx. 24 136 0.68 0.81 1300
Exmnole 159 s 060 06 310 Comp. Ex. 25 148 0.69 0.80 1150
Comp. Ex. 26 143 0.70 0.81 1200
EXMPF }g? ;71 8'2;5 8'3‘3‘ iég Comp. Ex. 27 71 0.79 0.96 _
Eiﬁglz 162 2 0.71 0.74 420 Comp. Fx. 28 80 0.82 0.98 -
Example 163 21 0.66 0.72 420 ggig Ei gg 1?3 8'33 8'3; —
Example 164 26 0.65 0.73 400 60 Comp. Ex. 31 1 0.88 005 _
Example 165 23 0.70 0.74 400 Comp, Ex. 32 o8 0.86 .97 _
Example 166 22 0.70 0.76 390 Comp. Ex. 33 100 0.88 0.97 _
Example 167 25 0.72 0.77 380 Comp. Ex. 34 96 0.90 0.97 _
Example 168 24 0.72 0.76 410 Comp. Ex. 35 105 0.88 0.99 _
Example 169 12 0.49 0.58 250 Comp. Ex. 36 93 0.90 0.96 _
Example 170 11 0.52 0.57 230 65 Comp. Ex. 37 23 0.75 0.86 —

Example 171 21 0.60 0.68 320 Comp. Ex. 38 24 0.76 0.85 —
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TABLE 12-continued
Initial Torque
Potential torque relative Particle
variation relative value after diameter

V) value 3,000 sheets (nm)
Comp. Ex. 39 80 0.61 0.75 790
Comp. Ex. 40 90 0.60 0.75 890
Comp. Ex. 41 49 0.68 0.74 510
Comp. Ex. 42 52 0.68 0.76 500
Comp. Ex. 43 54 0.67 0.71 520
Comp. Ex. 44 49 0.70 0.74 510
Comp. Ex. 45 51 0.70 0.74 510
Comp. Ex. 46 56 0.69 0.71 520
Comp. Ex. 47 73 0.91 0.98 —
Comp. Ex. 48 71 0.88 0.99 —
Comp. Ex. 49 70 0.91 0.96 —
Comp. Ex. 50 72 0.93 0.97 —
Comp. Ex. 51 75 0.90 0.98 —
Comp. Ex. 52 78 0.93 0.98 —
Comp. Ex. 53 68 0.83 0.92 —
Comp. Ex. 54 69 0.83 0.98 —
Comp. Ex. 55 73 0.86 0.97 —
Comp. Ex. 56 72 0.85 0.97 —

In comparison between Examples and Comparative
Examples 1 to 6 if the content of a siloxane moiety in a
polycarbonate resin containing the siloxane moiety of the
charge-transporting layer is low, a sufficient contact stress-
reducing effect is not obtained. This is supported by the
evaluation between initial torque and after 3000-sheet use
showing that no torque-reducing effect is obtained. Further-
more, Comparative Example 7 demonstrates that if the con-
tent of a siloxane moiety in a polycarbonate resin containing
the siloxane moiety of the charge-transporting layer is low,
even if the content of a siloxane-containing resin in the
charge-transporting layer is increased, a sufficient contact
stress-reducing effect cannot be obtained.

In comparison between Examples and Comparative
Examples 8 to 13, if the content of a siloxane moiety in a
polycarbonate resin containing the siloxane moiety of the
charge-transporting layer is high, potential stability during
repeated use is insufficient. In this case, a matrix-domain
structure is formed of a polycarbonate resin containing a
siloxane moiety; however, since an excessive amount of
siloxane structure is contained in the polycarbonate resin of
the charge-transporting layer, compatibility with a charge-
transporting substance becomes insufficient. For the reason,
the effect of potential stability during repeated use cannot be
obtained. Furthermore, also in the results of Comparative
Example 14, potential stability during repeated use is insuf-
ficient. From the results of Comparative Example 14, it is
found that even if a matrix-domain structure is not formed, a
large potential variation occurs. In other words, in Compara-
tive Examples 8 to 14, if a resin having a charge-transporting
substance and an excessive amount of siloxane structure is
contained, compatibility with a charge-transporting sub-
stance is conceivably insufficient.

In comparison with Examples, Comparative Examples 15
to 20 and Comparative Examples 27 to 36, if the content of the
repeating structural unit represented by the formula (B) in the
polycarbonate resin A serving as the constituent o is low, a
matrix-domain structure is not formed and a sufficient contact
stress-reducing effect is not obtained. This is supported by the
evaluation between initial torque and after 3000-sheet use
showing that a torque-reducing effect is not sufficient.

In comparison with Examples and Comparative Examples
21 to 26, if the content of the repeating structural unit repre-
sented by the formula (B) in the polycarbonate resin A serving
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as the constituent « is high, a matrix-domain structure is
formed but and the effect of potential stability during repeated
use is insufficient.

In comparison with Examples and Comparative Examples
37 to 40, if the repeating structural unit represented by the
formula (A) in the polycarbonate resin A is outside the range
of the present invention, a persistent contact stress-reducing
effect and potential stability during repeated use are not suf-
ficiently ensured.

In comparison with Examples and Comparative Examples
41 to 46, it is demonstrated that a further higher persistent
contact stress-reducing effect can be obtained in the consti-
tution of the present invention compared to the case where a
matrix-domain structure is formed by use of a polyester resin
having a siloxane structure. This demonstrates that potential
stability during repeated use and persistent contact-stress
reduction can be further more efficiently ensured by use of the
polycarbonate resin A of the present invention. This is con-
ceivably because domains are further uniformly miniaturized
by containing the repeating structural unit represented by the
formula (B) of the present invention in a specific content, with
the result that a domain is clearly separated from a matrix in
the charge-transporting layer. Furthermore, in comparison
with Examples and Comparative Examples 47 to 52, if the
repeating structural unit represented by formula (C) is not
used in the constituent o, a persistent contact stress-reducing
effect is not sufficiently obtained. This is demonstrated by the
evaluation between initial torque and after 3,000-sheet use
showing that a torque-reducing effect is not sufficient. Simi-
larly, in comparison with Examples and Comparative
Examples 53 to 56, if the constituent 3 is not the repeating
structural unit represented by the formula (D), a persistent
contact stress-reducing effect is not sufficiently obtained.
This is supported by the evaluation between initial torque and
after 3,000-sheet use showing that a torque-reducing eftect is
not sufficient.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application Nos. 2011-088441, filed Apr. 12, 2011, and
2012-063759, filed Mar. 21, 2012, which are hereby incorpo-
rated by reference herein in their entirety.

The invention claimed is:

1. An electrophotographic photosensitive member, com-
prising:

a support,

a charge-generating layer which is provided on the support

and comprises a charge-generating substance, and

a charge-transporting layer which is provided on the

charge-generating layer and is a surface layer of the
electrophotographic photosensitive member;

wherein the charge-transporting layer has a matrix-domain

structure having:

a domain which comprises the constituent o, and

a matrix which comprises the constituent [3 and a charge-

transporting substance;
wherein the constituent . is a polycarbonate resin A having
a repeating structural unit represented by the following
formula (A), a repeating structural unit represented by
the following formula (B) and a repeating structural unit
represented by the following formula (C),

the content of a siloxane moiety in the polycarbonate resin
A is not less than 5% by mass and not more than 40% by
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mass relative to the total mass of the polycarbonate resin wherein the constituent f} is a polycarbonate resin D having
A, the content of the repeating the structural unit repre- a repeating structural unit represented by the following
sented by the formula (B) is not less than 10% by mass formula (D)

and not more than 30% by mass relative to the total mass

of the polycarbonate resin A, and the content of the 5

repeating the structural unit represented by the formula o)
(C) is not less than 25% by mass and less than 85% by

mass relative to the total mass of the polycarbonate resin H3Q CHs
A; (ﬁ TH3
10 c—o T 0
&) CH;

(€]
Il
cC—o0 o] 15 2. An electrophotographic photosensitive member accord-
CH; CH; ing to claim 1,
(CHy); éi—o éi—(CH2)3 wherein the content of the siloxane moiety in the charge-
| | transporting layer is not less than 1% by mass and not

Cis /O more than 20% by mass relative to the total mass of all

20 . :
resins in the charge-transporting layer.

wherein, in the formula (A),
“n” represents number of repetitions of a structure within 3. Aprocess cartridge detachably attachable to a main body
the bracket, an average of “n” in the polycarbonate resin of'an electrophotographic apparatus, wherein the process car-
A ranges from 20 to 60; tridge integrally supports:

3 the electrophotographic photosensitive member according

to claim 1; and

at least one device selected from the group consisting of a

®)
R! R2
o charging device, a developing device, a transferring
I 30 device, and a cleaning device.
c—0 ¥ © 4. An electrophotographic apparatus, comprising: the elec-

trophotographic photosensitive member according to claim

wherein, in the formula (B), 1; a charging device; an exposing device; a developing

Y represents an oxygen atom or a sulfur atom, and 35 device; and a transferring device.

R" and R? each independently represents a hydrogen atom, 5. A method of manufacturing the electrophotographic
or a methyl group; photosensitive member according to claim 1,

wherein the method comprises a step of forming the
) charge-transporting layer by applying a charge-trans-
40 porting-layer coating solution on the charge-generating

(
(€]
I layer, and
c—0O C O . . . .
O wherein the charge-transporting-layer coating solution

comprises the constituent o the constituent 3, and the
45 charge-transporting substance.
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